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ABSTRACT  
   
A municipal electric utility in Mesa, Arizona with a peak load of approximately 
85 megawatts (MW) was analyzed to determine how the implementation of renewable 
resources (both wind and solar) would affect the overall cost of energy purchased by the 
utility.  The utility currently purchases all of its energy through long term energy supply 
contracts and does not own any generation assets and so optimization was achieved by 
minimizing the overall cost of energy while adhering to specific constraints on how much 
energy the utility could purchase from the short term energy market.  Scenarios were 
analyzed for a five percent and a ten percent penetration of renewable energy in the years 
2015 and 2025.  Demand Side Management measures (through thermal storage in the 
City’s district cooling system, electric vehicles, and customers’ air conditioning 
improvements) were evaluated to determine if they would mitigate some of the cost 
increases that resulted from the addition of renewable resources.   
In the 2015 simulation, wind energy was less expensive than solar to integrate to 
the supply mix.  When five percent of the utility’s energy requirements in 2015 are met 
by wind, this caused a 3.59% increase in the overall cost of energy.  When that five 
percent is met by solar in 2015, it is estimated to cause a 3.62% increase in the overall 
cost of energy.  A mix of wind and solar in 2015 caused a lower increase in the overall 
cost of energy of 3.57%.  At the ten percent implementation level in 2015, solar, wind, 
and a mix of solar and wind caused increases of 7.28%, 7.51% and 7.27% respectively in 
the overall cost of energy. 
In 2025, at the five percent implementation level, wind and solar caused increases 
in the overall cost of energy of 3.07% and 2.22% respectively.  In 2025, at the ten percent 
ii 
implementation level, wind and solar caused increases in the overall cost of energy of 
6.23% and 4.67% respectively.   
Demand Side Management reduced the overall cost of energy by approximately 
0.6%, mitigating some of the cost increase from adding renewable resources. 
iii 
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GLOSSARY OF TERMS 
Available Hydro-Power (AHP). The amount of hydroelectric energy available (in kWh) 
when taking into account the actual amount of (Colorado River) water available for 
power generation.  AHP is reduced when less water is available due to lower snow melt 
or other factors. 
Arbitrage (Energy). Storing electrical energy at one time of day and then discharging at 
another time, effectively shifting energy consumption from one time of day to another. 
Most commonly used when storing energy during off peak (lower priced) energy hours to 
then deliver that energy during on peak (higher priced) energy hours so as to displace 
expensive energy with lower priced energy, reducing overall energy costs. 
Arizona Corporation Commission (ACC). Five elected commissioners and associated 
staff in Arizona responsible for the regulation of utilities (among other duties). 
Base Load Resources. The power generating resources designed to provide the 
minimum amount of electric power required over a given period of time at a steady rate. 
Bulk Electric System (BES). Effectively, all transmission elements operated at 100 kV 
or higher and real power and reactive power resources connected at 100 kV or higher. 
This does not include facilities used in the local distribution of electric energy. 
Contract Rate of Delivery (CROD).  The maximum amount of hydroelectric generation 
capacity (from the Colorado River Storage Project and Parker-Davis Project) that Mesa is 
entitled to receive in the peak month(s) of each season as defined in Mesa’s hydroelectric 
generation contracts. 
Colorado River Storage Project (CRSP). Formally known as the Salt Lake City Area 
(SLCA) integrated projects, for the purposes of this report, CRSP will refer to Federal 
xii 
hydro-electric generation facilities operated by the United States Bureau of Reclamation 
including the Collbran Project, Rio Grande Project, and (the actual) Colorado River 
Storage Project.  The majority of the generation from the Colorado River Storage Project 
is from the Glen Canyon Dam’s hydroelectric generation (the dam for Lake Powell near 
the Arizona/Utah border as part of the Colorado River system). 
Demand Side Management (DSM). A utility action or program that reduces or curtails 
end-use equipment or processes. DSM is often used in order to reduce customer load 
during peak demand and/or in times of constrained supply. DSM includes programs that 
are focused, deep, and immediate such as the brief curtailment of energy-intensive 
processes used by a utility's most demanding industrial customers, and programs that are 
broad, shallow, and less immediate such as the promotion of energy-efficient equipment 
in residential and commercial sectors. 
Department of Energy (DOE). The Department of the United States federal government 
whose mission is to advance energy technology and promote related innovation in the 
United States. 
Dispatching. The operating control of an integrated electric system involving operations 
such as (a) the assignment of load to specific generating stations and other sources of 
supply to effect the most economical supply as the total or the significant area loads rise 
or fall (b) the control of operations and maintenance of high-voltage lines, substations, 
and equipment; (c) the operation of principal tie lines and switching; (d) the scheduling of 
energy transactions with connecting electric utilities. 
Dispatchable/Dispatchability. The ability to command a generating resource to begin 
generating power, change the amount of power generated or stop generating power as 
xiii 
demanded by a grid operator.  Renewable resources typically are not dispatchable in that 
the level of their power output is controlled by the resource that is producing the power 
(i.e. the amount of insolation from the sun in reference to photovoltaic power) rather than 
by the commands of a grid dispatcher. 
Edison Electric Institute Master Contract (EEI). A model bilateral master agreement 
containing the essential terms governing forward purchases and sales of wholesale 
electricity.  The EEI was created through industry-wide collaboration with the National 
Energy Marketers Association and others in 1999. 
Electric Service Area (ESA). The territory in which the utility has been granted a 
Certificate of Convenience and Necessity and is authorized by the Arizona Corporation 
Commission to provide electric service. 
Firm (Energy or Power). Power or power-producing capacity, intended to be available 
at all times during the period covered by a guaranteed commitment to deliver, even under 
adverse conditions. 
Implied Heat Rate. A calculation of the day-ahead electric price divided by the day-
ahead natural gas price. 
Hour Ending (HE). “Hour Ending” is used to denote a one-hour period of time for the 
measurement of power.  “Hour Ending 7” (or “HE7”) would note the period of time from 
6:00 AM to 7:00 AM and would typically be used to refer to the average power demand 
(in MW) for that hour. 
Hub (natural gas or electricity). An aggregation of representative electrical buses 
grouped by region. Hubs create a common market point for commercial energy trading. 
xiv 
Kilovolt (kV). One thousand volts.  A typical unit of measure of the approximate 
maximum allowable voltages in electric transmission and distribution systems. 
Kilowatt (kW). One thousand Watts. 
Megawatt (MW). One thousand kilowatts or one million Watts. 
Minimum Hourly Delivery. The minimum amounts of hydroelectric generation 
capacity, as set forth in Mesa’s hydroelectric generation contracts, which Mesa shall 
accept each hour of each month of each season. 
North American Electric Reliability Corporation (NERC). A not-for-profit entity 
whose mission is to ensure the reliability of the bulk power system in North America. 
NERC develops and enforces reliability standards; annually assesses seasonal and long-
term reliability; monitors the bulk power system through system awareness; and educates, 
trains and certifies industry personnel. 
Over-the-Counter Wholesale Energy Market (OTC Market).  Refers to the 
transactions that are made at common industry trading hubs for power and energy on a 
wholesale basis between energy industry entities such as generators, transmission 
utilities, distribution utilities and energy marketers. 
OTC Spot Market.  Refers to trades on the wholesale energy market that are made on a 
day-ahead or hour-ahead basis. 
Peak resources. The power generating resources designed to provide power and energy 
during the times of the day and year that system load is approaching its maximum for a 
given time period.  Peak resources typically consist of older, lower-efficiency steam 
units, gas turbines, diesels, or pumped-storage hydroelectric equipment to be used during 
xv 
the peak-load periods.  Within the WECC, peak-load (for purposes of the trading of 
electric power and energy) is from HE7-22, Pacific Prevailing Time (PPT). 
Photovoltaic Power Resources (PV). An electronic device consisting of layers of 
semiconductor materials fabricated to form a junction (adjacent layers of materials with 
different electronic characteristics) and electrical contacts and being capable of 
converting incident light directly into (direct current) electricity. 
Power Purchase Agreement (PPA). A financial arrangement in which a third-party 
developer owns, operates, and maintains a power generating resource, and a customer 
agrees to purchase the resource’s electric output for a predetermined period of time. 
Regional Entity. The non-profit corporation that oversees Bulk Electric System 
reliability in a distinct geographical area as chartered by NERC. 
Renewable Resources. Energy resources that are naturally replenishing but flow-limited. 
They are virtually inexhaustible in duration but limited in the amount of energy that is 
available per unit of time. Renewable energy resources include biomass, hydro, 
geothermal, solar, wind, ocean thermal, wave action, and tidal action. 
Sustainable Hydro Power (SHP). The level of long-term operable hydroelectric 
generation capacity available to Mesa through its CRSP contract.   
System Advisor Model (SAM). A performance and financial model designed to 
facilitate decision making for people involved in the renewable energy industry.  SAM is 
used to simulate renewable power plant energy output on an hourly and annual basis. 
Take-or-Pay. Resources that the utility must pay for even if the resource is not needed at 
a specific time. 
xvi 
Time of Use. The cost of energy charged by an electric utility for providing electric 
service to various classes of customers. The cost of energy changes throughout the day to 
reflect the different costs of providing the service at different times of the day. 
Transmission Line. A system of structures, wires, insulators and associated hardware 
that carry electric energy from one point to another in an electric power system. Lines are 
operated at relatively high voltages varying from 69 kV up to 765 kV, and are capable of 
transmitting large quantities of electricity over long distances. 
Watt.  The unit of electrical power equal to one ampere under a pressure of one volt. A 
Watt is equal to 1/746 horse power. 
Western Area Power Administration (WAPA). One of four Power Marketing 
Administrations within the U.S. Department of Energy whose role is to market and 
transmit electricity from multi-use water projects such as the Boulder Canyon 
(“Hoover”), Parker, and Davis dams. 
Western Electricity Coordinating Council (WECC). The Regional Entity responsible 
for coordinating and promoting Bulk Electric System reliability in the Western 
Interconnection.  The term “WECC” also may informally refer to the area spanning the 
Western Interconnection 
Western Interconnection. The portion of the North American Bulk Electric System that 
spans from Western Canada south to Baja California in Mexico and from the Pacific 
Coast to the eastern plains states. 
Wind Power Resources. A power producing resource comprised of a group of wind 
turbines interconnected to a common utility system through a system of transformers, 
distribution lines, and (usually) one substation. Operation, control, and maintenance 
xvii 
functions are often centralized through a network of computerized monitoring systems, 
supplemented by visual inspection. 
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CHAPTER 1 
INTRODUCTION 
Pressure is being increasingly applied by the public to implement more renewable 
resources into the energy supply mix of utilities in the United States.  The large, investor-
owned utilities in Arizona, Arizona Public Service (APS) and Tucson Electric Power 
(TEP), are required to meet minimum standards of the implementation of renewable 
resources as directed by the Arizona Corporation Commission (ACC) through the ACC’s 
Renewable Energy Standard and Tariff (RES), passed in 2006 by the Arizona State 
Legislature [1].  Salt River Project (SRP), another large utility in the Phoenix area, has 
the self-imposed goal of meeting 20% of its expected retail energy requirements with 
sustainable resources by fiscal year 2020 [2]. Municipal utilities aren’t subject to the 
ACC’s jurisdiction and therefore not subject to the RES requirements [3], but may find 
themselves having to meet similar requirements in the future, whether self-imposed or 
otherwise imposed through legislative action.   
The City of Mesa Energy Resources Department (“Mesa”) owns and operates a 
municipal electric utility within the heart of the historic downtown Mesa area.  The 
electric utility’s electric service area (ESA) spans approximately five and a half square 
miles and is home to approximately 13,500 residential customers and approximately 
2,500 commercial customers (each “customer” being one individual electric meter).  This 
study attempts to answer the following questions for a scenario in which Mesa was 
required to meet 5% or 10% of its customers’ annual energy requirements with a 
renewable resource (other than hydro-electric generation): 
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1. Renewable resources are generally more expensive than Mesa’s other 
resource options, so what would the effect on Mesa’s overall cost of energy be 
with the addition of renewable resources?  More specifically, what would the 
effect be on an average residential customer’s annual bill if Mesa were to 
implement 5% or 10% renewable resources? 
2. How would Mesa need to adjust its existing resource supply portfolio in order 
to best accommodate the addition of those renewable resources at the 5% and 
10% implementation levels? 
3. Is there anything that Mesa could do in terms of shifting customers’ behavior 
through Demand Side Management (DSM) programs that would help to create 
an overall load shape for the utility that is more conducive to the 
implementation of renewables which would therefore mitigate some of the 
cost increase that results from the addition of renewables? 
  
3 
CHAPTER 2 
ELECTRIC SUPPLY, DEMAND, AND DETERMINING COST OF ENERGY 
 Electricity, unlike many other commodities, is one that must be supplied instantly 
to match demand because there is very little storage capacity currently on the electric 
grid.  The utility, then, is tasked with determining the most economic and reliable method 
of matching that demand at all times of the day with enough supply or else its customers 
suffer power quality and reliability issues.  The energy demand of Mesa’s customers is 
cyclical in terms of season (people use energy differently in winter than in summer), in 
terms of months (for example, how people use energy in July of one year is very similar 
to July the next year), in terms of weeks (people use less energy on the weekends than 
during weekdays), and in terms of days (people use less energy at night than during the 
day and certain times of the day require more energy than others).  This is because the 
cyclical patterns in energy demand generally follow the cyclical demand for heating and 
cooling; meaning that energy demand generally follows changes in ambient air 
temperature.   
And so, using these cyclical patterns, Mesa can reasonably plan the “best” way to 
exactly match its customers demand with the most economic and reliable energy 
resources available to it.  Figure 1 illustrates a typical week of hourly customer demand 
for electricity, in MW, in July that is determined by taking historical demand from two 
years (2011 and 2012) and averaging all of the “like” hours in those two July months.  
For example, all of the fifth hours of all of the Sundays in those two July months were 
averaged to generate the average fifth hour’s demand on Sunday in the curve in Figure 1.  
This is used to generate a typical week’s curve for every month (“average model week”) 
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that can then be used as a model for the demand that must be met by some form of 
electrical generation. 
 
Figure 1. Sample Demand Curve. 
 As an alternative to meeting all of the demand in these modeled curves, the utility 
could opt to incent customers to reduce their demand; a technique known as “Demand 
Side Management.”  Through Demand Side Management (DSM), the utility incents the 
customers to keep demand low rather than going through the effort of constructing more 
power generation or purchasing more power.  The resulting demand curve is then shifted 
downwards in the hours that the DSM methods take effect.  DSM methods that may be 
available to Mesa are explored further in Chapter 8. 
 Whether or not DSM is implemented, the utility still has to exactly match all of 
the customer demand and there are a number of options to achieve this.  How Mesa 
achieves this currently is explained further in Chapter 4.  Similar to if Mesa were to 
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operate generation, the sum of Mesa’s energy purchases must still exactly match demand.  
The decision must then be made as to what kinds of energy that Mesa will purchase (i.e. 
what fuel does that generation use), and how much of that energy is purchased far ahead 
of time, in known quantities, and at a known price (pre-purchased or “contractual” 
energy) versus how much of the energy isn’t purchased ahead of time and therefore must 
be purchased very shortly before it is needed (the day before it is needed or even a few 
hours before it is needed).  These short term energy purchases are much more exposed to 
the fluctuations in the pricing of the OTC Spot Market. 
 
Figure 2. Sample System Demand and the Energy Resources Purchased to Meet that 
Demand. 
In Figure 2, some portion of the total energy demand is met by a pre-purchased 
quantity of energy that would be purchased ahead of time for the entire month (the “Base 
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Load Purchases” and the “Peak Purchases” energy in Figure 2).  Mesa’s option to acquire 
this pre-purchased energy is explained in Chapter 5.  The remainder of the energy must 
be purchased on the OTC Spot Market (shown as “OTC Spot Market Purchases in Figure 
2).  Days in which energy demand was greater caused the utility to have to purchase more 
energy on the OTC Spot Market (and vice versa).  Were the energy demand to fall below 
the level of the pre-purchased energy resources (as is the case in Figure 2 during the early 
hours of Sunday), the utility would still have to pay for that pre-purchased energy but 
would then have to sell the excess energy back onto the OTC Spot Market.   These 
energy sales would perhaps occur at a price that is lower than the purchase price of that 
energy, thereby selling it at a loss.   
 Because the utilities in the same geographic area all experience roughly the same 
weather patterns at close to the same time, many utilities are looking to purchase energy 
on the OTC Spot Market simultaneously.  As a result, more power plants are brought 
online, however, the power plants that are brought online progressively become more 
expensive to operate.  So in times of high demand, it is generally more expensive to 
purchase energy on the OTC Spot Market.  A model that attempts to predict the price of 
purchasing power on the OTC Spot Market based on utility demand is created in Chapter 
7. 
 Renewable resources also represent a form of pre-purchased energy in that the 
utility either builds (and then interconnects) or buys (contractually) the resource and must 
take all of the energy that is generated by the resource and sell any excess energy.  
Mesa’s options to purchase renewable resources are explored in Chapter 6.  Because the 
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power output of renewable resources (wind and solar resources, specifically) is not 
constant, their output must also be modeled and this is done in Chapter 9. 
 So once a demand curve has been generated, the resource options can be used to 
begin “filling up the space” beneath the curve.  Because prices are already established for 
the pre-purchased (conventional and renewable) resources, the cost of purchasing those 
resources can easily be calculated.  Any difference between those pre-purchased 
resources and the demand is filled with OTC Spot Market purchases, and using the model 
from Chapter 7, that cost can also be determined.  From these, an overall cost of energy 
can be calculated, which is is the total cost of the purchases, minus any revenue generated 
from energy sales, divided by the total amount of energy that was used by the customers.  
Then the question becomes, “how is the overall cost of energy minimized?” 
 Because each resource is valued differently, adjustments in quantities of the 
purchases of each type of resource results in different overall costs of energy and so 
different levels of purchases of each type of resource were iterated until an optimal mix 
of resources was determined for every month (or, more specifically, an optimal mix of 
resources for each month’s average model week).  The rules and constraints for analyzing 
this problem are explained in Chapter 11 and the method for analyzing this question is 
presented in Chapters 12.  The results of attempting to answer the question are presented 
in Chapter 13. 
 The question is looked at in the context of three different demand scenarios.  One 
demand scenario looks at the demand in the year 2015.  Because large changes in 
operation (such as implementing large amounts of renewable resources) take significant 
time and effort to put into place, a demand scenario was considered in the year 2025 with 
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business as usual (a similar demand curve to 2015, but with added growth).  The last 
demand scenario seeks to analyze the effects of implementing Demand Side Management 
in 2025 and whether that would help to mitigate any negative price impacts of adding 
large quantities of renewable resources.  All of these scenarios are explained in Chapter 
10. 
The overall flow of this analysis (and thesis paper) is summarized in Figure 3. 
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Figure 3. General Diagram of Analysis. 
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CHAPTER 3 
MESA ESA LAYOUT, DEMAND PROFILE, AND CUSTOMER PROFILE 
As mentioned previously, the ESA encompasses five and a half square miles of 
urban area in the city of Mesa, Arizona (see Figure 4).  The ESA notably includes the 
city’s historic downtown Main Street area, the Mesa Arts Center, and the Mesa City 
Plaza building. 
 
Figure 4.  City of Mesa Electric Service Area in Mesa, Arizona. 
Within the ESA are approximately 13,500 residential customers and 2,500 
commercial customers that contributed to a peak system demand of 84 MW in calendar 
year 2013.  This peak demand is approximately 10 MW less than the peak demand 
experienced only six years ago.  Demand reduction has occurred not only due to a 
Rogers Sub. 
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reduction in the number of customers (individually metered electric accounts) in the 
ESA, but also because consumption (and presumably demand) per customer has been 
reduced since 2006 (as shown in Figure 5).  Looking forward, Mesa has projected a slow 
growth in demand, however, it projects quite a few years before demand returns to what 
it was historically.   
 
Figure 5. Consumption per Customer (Normalized to 2005 levels) by Year and by 
Customer Type Since 2005. 
Mesa’s demand follows very distinct patterns seasonally.  In the winter months, 
demand peaks in the morning and a secondary peak occurs in the late afternoon (see 
Figure 6).  Mesa believes that this is caused by morning heating loads; residential 
population waking up, showering, turning on lights, cooking breakfast; and commercial 
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customers starting up their businesses again after sitting idle for the night.  The secondary 
peak occurs in the late afternoon, similarly, due to the population arriving home, heating 
their house into the night hours, cooking dinner and turning on lights.   
In the summer months, demand is lowest just before the morning hours then 
increases steadily to peak in the late afternoon (see Figure 6), coinciding with peak 
demand for cooling load in both businesses and residences.  Summer demand is 
substantially higher than winter demand within the ESA, similar to other utilities in a 
desert climate. 
 
Figure 6. Typical Total System Demand by Hour for a 24-Hour Period for the Summer 
and Winter Season. 
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CHAPTER 4 
MESA'S EXISTING RESOURCE PORTFOLIO 
Mesa procures its energy supplies through a mix of short-term and long-term 
energy supply contracts and as-needed purchases on the wholesale energy market (OTC 
Market).  All of these contracts deliver the energy to the Rogers Substation (or simply 
“Rogers”, Mesa’s point of interconnection to the transmission grid) from various 
generation sources throughout the southwestern United States.   
Contractual Resources 
The majority of Mesa’s energy is purchased through contractual arrangements 
that function similar to “blocks” of energy that fit underneath Mesa’s demand curve.  
These contractual resources are commonly referred to by the number of days per week 
that the power is scheduled, and the number of hours per day that the power is scheduled.  
For example “10 MW 7x24” (verbalized as “ten megawatts, seven by twenty-four”) is 
meant to indicate that ten megawatts of energy deliveries are scheduled all seven days of 
the week and all 24 hours of those seven days.  7x24 power is used by Mesa to cover its 
base load energy requirements.  That is to say that there is a minimal amount of power 
that is used by Mesa’s customers 24 hours a day every day of the week and so Mesa 
secures long term contractual resources to reliably cover this base load at a stable and 
predictable price. 
In addition to the base-load resource contracts, Mesa has also entered into 
contractual arrangements with suppliers for seven day peak power.  Within the Western 
Interconnection (informally referred to as its coordinating Regional Entity, the Western 
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Electricity Coordinating Council, or “WECC”) peak power is sold between the hour-
ending at 7:00 AM (or “HE7”) and HE22 in the prevailing time of the Pacific Time Zone 
(“PPT”) [4].  Because it is sold 16 hours a day, seven days a week, this resource is also 
referred to as 7x16 power.  Options are also available for “super peak” power which is 
available eight hours per day for either seven days of the week or just the week days (7x8 
and 5x8, respectively).  Mesa currently does not purchase any super peak power. 
All of the contractual purchases are provided through three- to five-year 
contractual arrangements, currently split between two OTC Market suppliers.  These 
supplies require the suppliers to “deliver” energy to Mesa during the months and hours 
specified in the contract.  These supplies do not necessarily come from a specific type of 
resource (i.e. natural gas or coal) or specific power plant; they are simply market products 
that reflect the resources that each respective supplier owns or operates.  Oftentimes, they 
may reflect a resource that the supplier has found on the OTC Market which the supplier 
has purchased with the intent of delivering the power to Mesa. For all intents and 
purposes, however, these resources can be all considered reflective of the general 
resource mix in Arizona because the high volume of OTC Market trading that the 
companies participate in to deliver the power distills or distorts the ability to trace the 
delivered energy back to any specific resource. 
Mesa has historically purchased energy on the OTC Market that is referred to as 
“firm” energy, meaning that the energy supplier must provide its own reserves that can be 
utilized in the case that the supplier’s primary source of energy is not available.  The 
most common product that Mesa receives is referred to as “WSPP Schedule C energy”, 
(referring to the standard contract created by the Western Systems Power Pool that is 
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used to trade the energy between entities on the OTC Market).  One of the most 
important characteristic of WSPP Schedule C energy to Mesa is that it is traded under the 
following constraints [5]: 
C-3.8 Firm Capacity/Energy Sale or Exchange Service shall be interruptible only 
if the interruption is:  (a) within any recall time or allowed by other applicable 
provisions governing interruptions of service under this Service Schedule, as may 
be mutually agreed to by the Seller and the Purchaser, (b) due to an 
Uncontrollable Force as provided in Section 10 of this Agreement; or (c) where 
applicable, to meet Seller’s public utility or statutory obligations to its customers; 
provided, however, this paragraph (c) shall not be used to allow interruptions for 
reasons other than reliability of service to native load…   
As a result, each supplier is required to maintain its own operational reserves so 
that the delivery of energy is uninterrupted during the term of the supply, ensuring 
reliable power deliveries to Mesa (however, in practice, this doesn’t occur all of the 
time).     
These resources are all “take or pay” resources meaning that the resources must 
be paid for even if Mesa doesn’t need them at the time of delivery.  For example, if 
demand is 25 MW and Mesa has entered into arrangements for 30 MW, Mesa has to pay 
for 30 MW, even though it can only use 25 MW at that time.   
Mesa has also entered into an agreement for an optional, dispatchable resource 
that may not commonly be utilized by Mesa, but it can be scheduled on a next-day basis 
if the price of dispatching this resource is favorable.  A monthly or hourly rate is paid 
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regardless of if the resource is utilized (capacity charge) to ensure that it is available for 
Mesa’s use, and then a dispatch charge is paid when the resource is utilized.  This 
optionality ensures that if OTC Spot Market pricing is low enough, Mesa can opt to 
purchase on the OTC Spot Market instead of dispatching the optional resource, when 
economically favorable. 
Altogether, Mesa’s current contractual resources are shown in Table 1: 
Table 1 
City of Mesa Current OTC Market Resource Mix by Month, in MW. 
Resource: Supplier 1 Base 
Supplier 2 
Sculpted 
Supplier 2 
Peak 
Supplier 1 
Peak 
Supplier 1 
Dispatchable 
Total 
Contract 
Type: 
7x24 Firm 
Energy 
7x24 Firm 
Energy 
7x16 Firm 
Energy 
7x16 Firm 
Energy 
7x16 Day 
Ahead 
Dispatchable 
Delivery 
Point: 
Pinnacle 
Peak 
West 
Wing 
West 
Wing 
Pinnacle 
Peak 
Pinnacle 
Peak 
January 15 11    26 
February 15 6    21 
March 15 1    16 
April 15 4    19 
May 15 0 15   30 
June 15 10 15  10 50 
July 15 10 15 10 10 60 
August 15 10 15 10 10 60 
September 15 10 15  10 50 
October 15 7   10 32 
November 15 4    19 
December 15 7    22 
Hydroelectric Resources 
The next largest set of resources available to Mesa is the combination of its long-
term hydroelectric resource contracts with the Parker-Davis Hydroelectric Generation 
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Project (“Parker-Davis”, which Mesa began receiving in 1962) and the Colorado River 
Storage Project (“CRSP”, which Mesa also began receiving in 1962).  These long term 
contractual arrangements are for renewable, inexpensive hydro-electric power generated 
from dams on the Colorado River (operated by the United States Bureau of Reclamation) 
which is transmitted and sold by WAPA to Mesa through WAPA’s transmission system. 
These hydro resources are extremely advantageous for Mesa because Mesa can 
shape and sculpt the scheduling of this power to be delivered when peak loads are most 
likely to be experienced.  Because the hydro resources are very inexpensive, offsetting 
Mesa’s most expensive purchased OTC Market power with hydro power (its least 
expensive resource) can significantly reduce Mesa’s overall cost of energy. 
Both the Parker-Davis and the CRSP resources have unique characteristics and 
constraints that dictate how Mesa can best utilize their flexibility.  Parker-Davis has the 
following utilization constraints: 
• Mesa is allocated a maximum capacity (“Contracted Rate of Delivery” or 
“CROD”) of 7,950 kW of power from October through February and a CROD 
of 10,379 kW of power from March through September.   
• Mesa is allocated a specific amount of energy every month. 
• On an hourly basis, Mesa must schedule, at minimum, the lesser of 25% of its 
CROD or its pro-rata share of the total kWh allowed for every hour (“Minimum 
Hourly Delivery”). 
• Mesa must schedule the power in a manner that generally reflects Mesa’s 
demand curve on a daily basis. 
18 
• There are no transmission losses associated with the delivery of the power from 
the Parker and Davis dams to Rogers Substation. 
 CRSP has similar constraints, however, there are a few that differ slightly: 
• Mesa is allocated a CROD of 3,407 kW of power from October through March 
(rather than February) and a CROD of 4,312 kW of power from April through 
September.   
• Mesa is allocated a specific amount of energy for each season (as opposed to 
each month).  This is subject to adjustment based on the availability of water 
within the Colorado River system.  Each season WAPA provides Mesa with the 
amount of power that will be actually available which is referred to as the 
“Available Hydro Power” (AHP). 
• On an hourly basis, Mesa must schedule a Minimum Hourly Delivery of 35% of 
its CROD (as opposed to 25% of its CROD) for every hour, 
• No constraints are placed on the scheduling profile. 
• Similar to Parker-Davis there are no transmission losses associated with the 
delivery of the power from the CRSP dams to Rogers substation. 
So aside from the minimum scheduling requirements, and the requirement of 
Parker-Davis to generally follow the demand profile of the utility, these two resources 
provide a degree of flexibility to Mesa’s supply portfolio that allows Mesa to schedule 
the resources in a manner that may allow renewable resources to fit into the resource 
portfolio. 
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WAPA Resource Management Supply Group 
To help reduce costs and provide balancing and scheduling services, Mesa has 
joined WAPA’s Resource Management Supply (RMS) group.  Through RMS, Mesa is 
able to partner with other similar Arizona utilities to combine loads and resources with 
the intention of using the concept of strength in numbers to be able to capitalize on larger 
market purchases that otherwise wouldn’t be available to the individual utilities.  RMS 
also allows for the exchange of resources between the utilities in the group.  Whenever 
the demand in the ESA exceeds the sum of Mesa’s contractual resources, and hydro 
power resources, RMS can either (a) purchase energy on the OTC market or (b) utilize 
any unused energy from other participants in RMS.  Similarly, if the demand in the ESA 
is less than Mesa’s conventional and hydro resources, then that unused energy above the 
demand can either (a) be sold on the OTC market or (b) be utilized by other participants 
in RMS.  RMS makes OTC market purchases for Mesa (and the RMS group as a whole) 
on a month-ahead basis, a week-ahead basis, a day-ahead basis and an hourly basis to 
ensure that Mesa’s (and the group’s) supply matches its demand.  At the end of the 
month, all of these transactions are then reconciled to determine the amounts owed to one 
another.  
In calendar year 2013, on an energy basis (percent of kWh supplied per year), was 
20% renewable hydro-electric generated energy, 76% energy supplied by a mixture of 
contractual resources and 4% as-needed OTC Spot Market purchases through RMS. 
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Transmission 
All of these supplies are delivered to Mesa’s supply point at Rogers via the 
transmission grid.  Mesa currently has a contract in place with WAPA for the delivery of 
up to 25 MW from WAPA’s West Wing 500 kV substation (“West Wing”) to WAPA’s 
Pinnacle Peak 230 kV substation (“Pinnacle Peak”) and another contract to deliver up to 
85 MW from Pinnacle Peak to Rogers Substation (which is located on the Parker-Davis 
Project transmission system between the Coolidge and Pinnacle Peak Substations in 
Figure 7).  As such, Mesa can take deliveries of power supplies at the West Wing or 
Pinnacle Peak substations without having to pay for additional transmission capacity on 
those deliveries (up to the aforementioned capacity).   
 
Figure 7. Western Area Power Administration's WALC Grid (2014). [6]  
Mesa does experience and pay for transmission losses for the delivery of all 
energy from West Wing and Pinnacle Peak to Rogers.  For instance, if 25 MW were to be 
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scheduled and Mesa experiences 4% losses, Mesa would only receive 24 MW at Rogers.  
If the demand at Rogers were 25 MW (continuing with the example of 4% losses), Mesa 
would need to procure 26.042 MW to fully supply adequate power to meet the demand of 
the ESA.  Because power is delivered in units of whole megawatts, in this example, Mesa 
would actually need to procure 27 MW to fully supply adequate power to the ESA.  For 
the data that Mesa has over the past three years, these transmission losses have averaged 
2.373%. 
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CHAPTER 5 
MESA'S OPTIONS TO ACQUIRE CONVENTIONAL RESOURCES 
 For the purposes of this study, it will be assumed that the purchase of 
conventional (non-renewable), contractual resources through the OTC Market will 
continue to be more feasible than Mesa constructing any conventional generation assets.  
Indicative pricing for 6x16, 7x16, 7x8 and 7x24 contractual resources were gathered from 
Mesa’s suppliers and (similar to Mesa’s current arrangements) all contractual resource 
purchases will not require the purchase of additional transmission as all product pricing 
was “as delivered” to either Pinnacle Peak or West Wing.  Pricing at West Wing was 
adjusted to its equivalent price at Pinnacle Peak based on historic correlation between the 
two hubs.  All of these purchases will experience Mesa’s average transmission losses 
mentioned previously.  For the purposes of simplification of the analysis, all of the 
structurally identical contractual resources will be grouped together (i.e. all 7x24 
purchases will be grouped together into one 7x24 block with a single price per MWh) 
rather than being handled as a variety of individual contracts.  As mentioned before, these 
are take-or-pay arrangements and, as such, it does not benefit Mesa to purchase more 
power than it needs unless it is foreseen that Mesa could sell the overscheduled power for 
a greater price than the purchase price (in practice, this often isn’t the case because the 
energy is instead absorbed into the RMS group and offsets other RMS members’ OTC 
purchases).  For the 2025 scenarios (explained in Chapter 10), the pricing was escalated 
based on the forwards for natural gas at Henry Hub according to Mesa’s projections.  In 
order to simplify the analysis and reduce computation time, only the seven day products 
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(7x24, 7x16 and 7x8) were used as options in the analysis. Prices for the products used in 
the analysis are listed in Table 2.   
Table 2 
OTC Contract Pricing Used for Simulation for 2015 and 2025.   
Product 2015 (As quoted by Mesa’s suppliers) 
2025 (Calculated per 
Mesa’s projections) 
7x24, Year Round $40.52 $56.12 
7x16 Peak, Year Round $44.67 $61.19 
7x24 (May - Sept) $42.34 $58.15 
7x16 Peak (May - Sept) $47.79 $65.94 
7x8 Super peak (May - Sept) $60.91 $81.85 
6x8 Super peak (May - Sept) $60.70 $84.36 
24 
CHAPTER 6 
MESA'S OPTIONS TO ACQUIRE RENEWABLE RESOURCES 
 For the purposes of this study, renewable resources will refer to the same 
technologies listed by the RES in ARS§R14-2-1802 [7] as “Eligible Renewable Energy 
Resources” which include: 
• Biogas Electricity Generator 
• Biomass Electricity Generator 
• Distributed Renewable Energy Resources 
• Eligible Hydropower Facilities: 
 • Increased capacity of existing facilities 
 • Hydropower facilities used to firm other renewable resources 
• Fuel Cells that use Only Renewable Fuels 
• Geothermal Generator 
• Hybrid Wind and Solar Generator 
• Landfill Gas Generator 
• Certain new, 10 MW or less Hydropower Facilities 
• Solar Electric Resources 
• Wind Generator 
 Within the context of a small utility operating within an urban environment, 
certain resources may not be as feasible as others for Mesa to own and operate.  This does 
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not, however, preclude Mesa from purchasing energy from resources located elsewhere 
and transmitting the energy to Rogers. 
 Various renewable resource options have been investigated recently by Mesa.  
More recently the price of solar and wind have been approaching parity with some 
summer-time, super peak pricing on the OTC Market.  Largely, however, renewable 
resources still remain far more expensive than the conventional power options in the 
OTC Market.  Similar to how conventional resources are purchased, a renewable Power 
Purchase Agreement (PPA) would allow Mesa to procure renewable resources without 
the burden of operating and maintaining any generation assets.  This is advantageous for 
a number of reasons including: 
• Mesa, being a municipal entity, cannot take advantage of the federal and state 
tax programs (from constructing a renewable energy plant) that a privately-
owned entity can.  Depending on the size of the installation and renewable 
technology selected, these tax advantages can be extremely beneficial in 
reducing the levelized cost of energy (LCOE) for the renewable energy project. 
• Operating the generator could necessitate additional personnel, training and 
assistance from other departments at the City.  The purchase of power via PPA 
is seamless and transparent to the City’s operations and to Mesa’s customers. 
• Through a PPA, Mesa would not have to find a convenient site for the 
generation.  By allowing the PPA provider to select an optimal site for the 
resource: 
• A site can be selected that provides for maximization of the resource, i.e. 
a site that receives better insolation than Mesa and is generally cooler 
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year-round for maximizing solar power output or a site that receives a 
more consistent supply of wind for wind power. 
• Mesa does not have to use urban land which may have otherwise been 
used for commercial or residential developments. 
• Electricity is delivered directly to Rogers (or other specified delivery 
point); the transmission of the electricity is at the behest of the supplier. 
 One disadvantage to entering into a PPA can be that the price is typically fixed (or 
given in terms of a first year price with a fixed escalation) for a twenty to thirty year 
period of time.  Although this provides for very favorable predictability in terms of 
energy costs well into the future (assuming that the plant, and its operator, remain 
financially and operationally solvent), when considering that the cost of renewable 
technologies has decreased dramatically over the past twenty or even ten years, locking in 
a long term price that may only become less competitive over the life of the plant may 
not make financial sense. Mesa has issued various RFP’s and requests for indicative 
pricing for renewable power over the past two years and the most recent, competitive 
pricing has come back as follows: 
• Solar Power Purchase Agreement, 30 year term, with power deliveries to 
Rogers substation OR integrated to Mesa’s grid: $75.00/MWh with a fixed 
annual escalation of 2% 
• Wind Power Purchase Agreement, 20 year term, with power deliveries to 
Rogers substation: $67.32/MWh with a fixed annual escalation of 2.5% 
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Wind and Solar, Simple Escalation  
 When attempting to determine pricing for solar and wind in the year 2025, two 
approaches were considered.  If Mesa were to execute the PPA for either resource in 
2015, the pricing would escalate accordingly (at the rate specified by the PPA terms) 
giving a predictable price for the ten year horizon.  The only caveat to this would be that 
Mesa would, at some point, need to purchase a small amount of additional renewable 
resources to meet the gap in energy supplies created by growth.  For instance, if 10 MW 
of renewables provided 10% of Mesa’s energy requirements in 2015, that 10 MW may 
not be able to supply that whole 10% into the future as the energy requirements of Mesa’s 
customers increase.  It will be assumed that this amount will be negligible and/or will be 
purchased under similar pricing/terms as the initial 2015 purchase and therefore won’t 
affect the pricing.  Were Mesa to execute an agreement for the solar resource in 2015, by 
2025, the energy price would escalate to $89.63/MWh.  Were Mesa to execute an 
agreement for the wind resource in 2015, by 2025, the energy price would escalate to 
$84.07/MWh. 
Wind and Solar, Learning Curve 
 The second approach, used in the studies listed in Table 3, is to use a “learning 
curve” and some basic assumptions to try and predict the cost of these resources in the 
future.  A learning curve is a function that determines the reduction in cost of an item at 
some future time due to the producer of that item “learning” how to produce that item at a 
reduced cost.  It is generally agreed that solar and wind power prices (in terms of 
installed capital costs) will continue to drop in (non-inflation adjusted, or “nominal”) 
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price into the future.  Some estimates for the costs and assumptions for these resources in 
2025 are listed in Table 3 and Table 5. 
Table 3 
Projected Costs for Solar Resources in the 2025 Timeframe. 
Source Reference Year 
Projection 
Year 
Capital 
Cost 
($/kW) 
O&M 
Cost 
($/kW-
yr) 
LCOE 
($/MWh) 
Power 
Source and 
Delivery 
EIA Annual 
Energy Outlook 
2014 [8], [9] 
2012 2025 - -  $87.39 WECC Southwest 
Western 
Governor’s 
Association 
WREZ GTM 
Model [10] 
2009 2025 $3,084 $50 $122.54 
From 
Harquahala 
to 
West Wing 
B&V – NREL 
Cost and 
Performance 
Data for Power 
Generation 
Tech. [11]  
2009 2025 $2,100 $43 - USA, not specific 
2013 
Interconnection-
Wide Plan Data 
and 
Assumptions 
(“WECC 
2013”), 2022 
[12] 
2012 2022 $2,500 $50 $134.26 Arizona 
NREL Beyond 
Renewable 
Portfolio 
Standards 
(“Beyond 
RPS”) [13] 
2012 2025 $2,004 $50 $79.65 
From 
Harquahala 
to 
West Wing 
 For this study, the values from the NREL “Beyond Renewable Portfolio 
Standards: An Assessment of Regional Supply and Demand Conditions Affecting the 
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Future of Renewable Energy in the West” (“Beyond RPS”) study will be used because 
they are the most up to date, and also the most specific in terms of where the power is 
generated and where it is delivered.  Beyond RPS used the WREZ GTM Model for its 
calculations and no indication was given that the financial assumptions used were any 
different from the default WREZ GTM Model financial terms which are shown in Table 
4: 
Table 4 
Terms for Solar Resource Financing . 
Investment Tax Credit 30% of project capital cost 
Production Tax Credit None 
Depreciation 5 Year MACR 
Asset Life 30 Years 
Debt Fraction 60% 
Financing Rate 8.00% 
Debt Term 25 Years 
Cost Equity 15% 
Tax Rate 40% 
Discount Rate 11.00% 
 Using these parameters, the first year PPA price of $67.68/MWh was determined 
from the LCOE (in 2012 dollars, assuming a 2% PPA escalation rate).  Escalated at a 2% 
interest rate to 2025 dollars, this would mean a first year PPA price of $87.55/MWh if 
Mesa were to hold off until 2025 to install solar as part of their portfolio.  In the 2025 
simulation then, the average between the two results ($89.63 through the simple 
escalation method and $87.55/MWh per Beyond RPS) will be used ($88.59/MWh). 
 Using the same methodology for wind, the following costs in Table 5 were 
considered. 
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Table 5 
Projected Costs for Wind Resources in the 2025 Timeframe. 
Source Reference Year 
Projection 
Year 
Capital 
Cost 
($/kW) 
O&M 
Cost 
($/kW-
yr) 
LCOE 
($/MWh) 
Power 
Source 
and 
Delivery 
EIA Annual 
Energy Outlook 
2014 [8], [9] 
2012 2025 - - $73.80 WECC Southwest 
Western 
Governor’s 
Association 
WREZ GTM 
Model [14] 
2009 2025 $2,260 $60 $99.85 
From 
Cholla to 
West 
Wing 
B&V – NREL 
Cost and 
Performance 
Data for Power 
Generation 
Tech [15] 
2009 2025 $1,980 $60 - USA, not specific 
2013 
Interconnection-
Wide Plan Data 
and 
Assumptions, 
2022 [16] 
2012 2022 $1,950 $60 $81.82 Arizona 
NREL Beyond 
Renewable 
Portfolio 
Standards [13] 
2012 2025 $1,830 $60 $80.88 
From 
Cholla to 
West 
Wing 
 For wind power, the only assumptions that changed with the financing projections 
to 2025 (changes in the values in Table 4) were that the asset life was reduced from 30 
years to 20 years and that the financing term was reduced from 25 years to 15 years.  
Based on these financial assumptions, the first year PPA price is $71.06/MWh (in 2012 
dollars, assuming a 2% PPA escalation rate).  Escalated at a 2% interest rate to 2025 
dollars, the first year PPA price of $91.93/MWh will be used for if Mesa were to hold off 
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until 2025 to install wind as part of their portfolio.  In the 2025 simulation then, the 
average between the two results ($84.07 through the simple escalation method and 
$91.93/MWh per Beyond RPS, simple average of $88.00/MWh) will be used. 
Biomass  
 An opportunity that may be unique to Mesa is the potential to develop an urban 
biomass energy resource.  The City currently operates a voluntary green barrel program 
that customers can use specifically to dispose of their “green waste” which includes 
grass, leaves, small tree branches and prunings [17].  Currently, this waste stream is used 
to create compost at the Salt River Landfill and the City pays a nominal fee to dispose of 
the waste as shown in Table 6 [18].   
Table 6 
Tons of Green Waste Disposed and Cost per Ton to Dispose of that Waste at the Salt 
River Landfill.   
Fiscal Year 
Tons of Green 
Waste 
Disposed 
Cost per Ton to 
Dispose 
2010/2011 18,762 $19.13 
2011/2012 17,009 $19.67 
2012/2013 18,564 $20.00 
Average: 18,112 N/A 
 An alternative to composting the waste would be to use it as the supply fuel for a 
biomass powered electric generating plant (“biomass plant”).  As of 2012, EIA noted the 
biomass (wood/wood waste) electric generation capacity in the WECC shown in Table 7.  
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Table 7 
2012 Biomass Generation Capacity in the WECC [19]. 
Plant Name Nameplate Capacity 
2011 Heat 
Rate 
2011 Capacity 
Factor 
Arizona 
Snowflake White Mountain Power LLC 27.2 MW 13,634 66% 
California 
Sierra Power    7.5 MW 23,230 83% 
Burney Forest Products 31.0 MW 18,785 80% 
Sierra Pacific Quincy Facility 27.5 MW 21,927 79% 
Sierra Pacific Anderson Facility   4.0 MW 46,169 79% 
Fairhaven Power 18.8 MW 17,584 75% 
Woodland Biomass Power Ltd 28.0 MW 24,052 75% 
Rio Bravo Fresno 28.0 MW 14,828 73% 
Wheelabrator Shasta 62.7 MW 17,668 73% 
Rio Bravo Rocklin 27.9 MW 15,709 72% 
Covanta Mendota 28.0 MW 17,319 69% 
Pacific-Ultrapower Chinese Station 25.0 MW 12,940 66% 
Sierra Pacific Burney Facility 20.0 MW 23,732 66% 
Desert View Power 55.5 MW 16,733 65% 
Covanta Delano Energy 57.0 MW 13,506 64% 
Sierra Pacific Lincoln Facility 19.2 MW 24,461 64% 
HL Power 36.2 MW 14,934 62% 
Thermal Energy Dev Partnshp LP 23.0 MW 18,438 62% 
Eel River Power 32.5 MW 18,424 56% 
Ampersand Chowchilla Biomass LLC 12.5 MW 23,773 54% 
El Nido Facility 12.5 MW 24,456 52% 
Roseburg Forest Products Biomass 13.4 MW 24,125 51% 
Idaho 
Tamarack Energy Partnership 6.2 MW 18,416 66% 
Plummer Cogen 6.2 MW 24,386 65% 
Oregon 
Seneca Sustainable Energy LLC 19.8 MW 9,880 63% 
Washington 
Sierra Pacific Aberdeen 18.0 MW 19,347 75% 
Sierra Pacific Burlington Facility 28.0 MW 18,388 75% 
Cosmo Specialty Fibers Plant 15.0 MW 56,496 67% 
Average: 24.7 MW 21,190  
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 As seen in Table 7, although there are a large number of Biomass fired power 
plants within the WECC, the average heat rate (21,190 MMBtu/kWh) is very high, 
indicating low plant efficiency (16.1%).  The 27 MW Snowflake White Mountain Power 
Plant near Snowflake operates more efficiently with a heat rate of 13,634 (efficiency of 
25.0% [19], [20]).  The Snowflake plant suffered from initial reliability problems causing 
SRP to terminate its original contract to purchase energy, however, the plant is currently 
operational and SRP is purchasing power from the new owners [21].  From 2004 to 2008, 
3 MW of biomass powered capacity came from a small wood fired plant near Eagar [22], 
[23], Arizona but it has been shut down.   
 The City of Flagstaff, Arizona solicited a study for the construction and operation 
of a 5 MW biomass plant, but the study determined that the cost of electricity from the 
plant would be $220/MWh [24] which is not cost competitive with conventional or even 
other renewable technologies at this time. 
 It will be assumed that Mesa would not be able to construct a biomass plant until 
2020 (approximately five years from the time of this study) and so similar methods of 
estimating future costs (learning curve) must be used. 
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Table 8 
Projected Costs of a Biomass Power Plant in the 2020 Timeframe. 
Source Ref. Year 
Proj. 
Year 
Capital 
Cost 
($/kW) 
Fixed 
O&M 
Cost 
($/kW-
yr) 
Variable 
O&M 
Cost ($/ 
kWh) 
LCOE 
($/MWh) 
Heat 
Rate 
(Btu/ 
kWh) 
Power 
Source 
and 
Delivery 
EIA Annual 
Energy Outlook 
2014 [8], [9] 
2012 2020 - - -   $96.05  WECC Southwest 
Western 
Governor’s 
Association 
WREZ GTM 
Model [25] 
2009 2020 $4,333    $0 $33 $126.91 14,205 
From 
Harquah
ala to 
West 
Wing 
B&V – NREL 
Cost and 
Performance 
Data for Power 
Generation 
Tech. [26] 
2009 2020 $3,830   $95 $15 - 14,000 
USA, 
not 
specific 
2013 
Interconnection-
Wide Plan Data 
and 
Assumptions 
(WECC 2013), 
2022 [27] 
2012 2022 $4,250 $155 - $107.34 (2027) - Arizona 
 Using the average collected green waste from Table 6 (18,112 Tons), a fuel 
heating value of 6.0 MMBtu/ton [28], and a plant heat rate of 14,000 Btu/kWh this green 
waste could produce up to 7,762 MWh of electricity per year.  Biomass plants are 
typically run in a base load fashion to make up for the large capital investment required in 
boiler and plant equipment.   Mesa’s waste would be able to supply a biomass plant 
operating with a 95% capacity factor of a total capacity of 933 kW.  For simplicity of 
analysis, it is assumed that the plant would be 1.0 MW. 
 In order to construct the plant within an urban environment, concerns regarding 
emissions and noise have to be addressed.  With the heat rate of 14,000 Btu/kWh and 
35 
output of 1.0 MW, the plant will be able to combust 14.00 MMBtu/hr of waste.  This puts 
the plant into the category of a “New, Large Area Source” under 40 CFR 63 Subpart 
JJJJJJ (> 10 MMBtu/hr) [29].  Under this subpart, the plant would be required to emit no 
more than 0.07 lb of particulate matter per MMBtu of heat input and operate with an 
opacity of 10% or better.  Maricopa County’s Rule 300 is less stringent and only requires 
an opacity of 20% or better [30].   
 The land requirements of the four smallest plants listed in Table 7 were estimated 
using Google Earth and data from Biomass Magazine as to the location of the plants 
(Table 9): 
Table 9 
The Four Smallest Biomass Power Plants in the WECC and their Estimated Footprints. 
[31] 
State Plant Name Nameplate Capacity 
Estimated 
Plant Area 
California Sierra Pacific Anderson Facility 4.0 MW   7.2 Acres 
Idaho Tamarack Energy Partnership 6.2 MW  73.6 Acresa 
Idaho Plummer Cogen 6.2 MW  49.6 Acresa 
California Sierra Power 7.5 MW 32.0 Acres 
aThe area of the wood processing facility is included in these figures because of the difficulty of separating 
the power plant from the processing facility 
 The previously mentioned Flagstaff 5 MW plant focused on using a 20 acre site 
for the plant itself.  The Salt River Landfill’s composting area was estimated to occupy 
approximately 12 acres using Google Earth, however, the waste is allowed to remain at 
the site for a much longer period of time than if it were to be used in biomass combustion 
and the composting area accepts green waste from entities other than Mesa.  A plant in 
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the 1 MW range utilizing Mesa’s waste stream should occupy no more than 10 acres, 
however, this is highly dependent on how the waste supply pile is managed on site.   
 The System Advisor Model (SAM) is a performance and financial model created 
by the National Renewable Energy Laboratory (NREL) that is designed to facilitate 
decision making for people involved in the renewable energy industry [32].  SAM uses 
hourly weather data, specific to a user-selected location, to simulate the output of a 
renewable energy plant.  Then, using a variety of common industry cost metrics, the user 
can input basic financial data to determine the cost of energy produced by that renewable 
energy plant.  A biomass plant was modeled using SAM that was based on the costs in 
Table 8 ($4,216/kW capital cost, $83/kW fixed O&M, $24/MWh variable O&M).  If 
Mesa were to construct a 1 MW plant, financed through municipal bonds (3.5% interest 
rate, 30 year term) and was able to capitalize on the free stream of fuel for the plant, 
SAM estimates that the fixed energy cost for the plant would be approximately 
$85.20/MWh in 2012 dollars, which, inflated to 2020 at a 2% inflation rate would be 
$99.83/MWh.  This number is significantly lower than that found in the Flagstaff study, 
presumably due to the free supply of fuel, however, it is still significantly higher than 
wholesale electricity rates in Arizona.  What this does not take into account, however, is 
that Mesa would avoid $362,240 of disposal fees every year (from the fees in Table 6).  If 
the fee avoidance is taken into account, Mesa would be generating the electricity for 
$42.50/MWh ($49.80/MWh in 2020), which is cost competitive with the other resources 
that Mesa is currently purchasing. 
 Mesa could also enter a public-private partnership with an independent developer.  
If a private developer were able to develop the plant and sell the electricity to Mesa (with 
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Mesa providing the land, free stream of waste and long-term commitment to purchase 
power), the developer would be able to capitalize on the tax incentives that aren’t 
available to Mesa as a municipal corporation.  Currently available incentives include the 
Federal Renewable Energy Production Tax Credit created under the The American Jobs 
Creation Act of 2004 (1.1₵/kWh for the first 10 years of operation for open-loop biomass 
plants) [33] and the Arizona Renewable Energy Production Tax Credit created under 
Senate Bill 1254 of 2010 (1.0₵/kWh for the first 200,000 kWh for the first 10 years of 
operation for biomass) [34].  The tax advantages, however, are offset by an increased cost 
of capital financing through the private sector (for this study, an interest rate of 6.5% was 
used), and the requirement to produce a reasonable rate of return to attract investors.  
Using SAM, with an interest rate of 6.5%, loan term of 30 years, internal rate of return of 
20%, and 80% debt fraction, the plant would be able to achieve an operational fixed cost 
of electricity of $99.01/MWh in 2020.  Similar to if Mesa were to operate the plant, Mesa 
would save $362,240 annually due to the avoidance of waste disposal fees.  When this is 
taken into account, the plant is able to achieve an operational fixed cost of electricity of 
$48.04/MWh in 2020.  Because of the lower price using this method, $48.04/MWh will 
be used as the fixed price of electricity for a Biomass plant constructed in 2020 (and 
therefore the price of that electricity in 2025). 
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CHAPTER 7 
PRICING THE PURCHASE OF OTC SPOT MARKET POWER 
Critical to the analysis performed in this study is the valuation of power 
purchased on the OTC Spot Market.  Specifically, the valuation of OTC Spot Market 
power for each individual hour of the day because any positive difference between 
demand and long term purchased power must be made up by OTC Spot Market 
purchases.  Similarly, to account for any negative difference, Mesa must “sell” the excess 
power on the OTC Spot Market. 
While these purchases or sales may be made for a fixed price for a few hours, an 
entire day or even entire month, because this study focuses on the results of displacing 
energy on an hourly basis with renewable energy, the pricing must vary hourly according 
to demand on the applicable portion of the local transmission system and available 
supply. 
While not every utility in the surrounding area will have an identical demand 
curve to Mesa, it will be assumed that Mesa’s demand shape can be used as a proxy for 
local demand and that local demand will vary proportionally to Mesa’s.  Using this 
assumption, the applicable “implied heat rate” (the OTC electric power hub index price 
divided by the OTC natural gas hub price in units of Btu/kWh [35]) was correlated with 
Mesa’s peak demand for the day. 
There are multiple hubs for both natural gas and electric that may be applicable 
when analyzing the market that affects Mesa’s OTC electric power purchases and as 
such, all applicable hubs were used in the analysis in order to determine the most suitable 
combination of electric and natural gas hubs. 
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Table 10 
Natural Gas Hubs Used in OTC Market Analysis. [36] 
Hub Description 
SoCal Border An aggregate index of SoCalGas’s citygate stations on the 
Arizona/California border (Needles/Topock, and Ehrenberg) 
SoCal Needles SoCalGas’s citygate stations on the Arizona/California border at 
Needles, CA 
SoCal Ehrenberg SoCalGas’s citygate stations on the Arizona/California border at 
Ehrenberg, AZ 
SoCal Citygate An aggregate index of all of SoCalGas’s citygate stations 
PGE Topock An aggregate index of PG&E’s citygate stations on the Arizona 
California border with Transwestern (Topock North) and EPNG 
(Topock South) [37] 
PGE Citygate An aggregate index of all of PG&E’s citygate stations 
Henry Hub A pipeline hub on the Louisiana Gulf coast. It is the delivery 
point for the natural gas futures contract on the New York 
Mercantile Exchange (NYMEX) 
EPNG Permian An index for natural gas purchases from the Permian basin in 
West Texas on EPNG’s pipeline. 
EPNG South 
Mainline 
An index for deliveries to EPNG’s south mainline. 
EPNG Blanco Pool An index for natural gas purchases from the pooling point in the 
Blanco area of the San Juan basin in Northwestern New Mexico 
on EPNG’s pipeline. 
EPNG WAHA An index for natural gas purchases from the pooling point in the 
WAHA area of the Permian basin in West Texas on EPNG’s 
pipeline. 
EPNG Bondad An index for natural gas purchases from the San Juan basin on 
the New Mexico, Colorado border on EPNG’s pipeline. 
TW Central An index for natural gas purchases from  Transwestern’s Central 
Pool [38] 
TW Blanco An index for natural gas purchases from the pooling point in the 
Blanco area of the San Juan basin in Northwestern New Mexico 
on Transwestern’s pipeline. 
WAHA An aggregate index of the hubs near the WAHA area in the 
Permian basin in West Texas. 
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Figure 8. Major U.S. Natural Gas Transportation Corridors, 2008 per EIA. [39] 
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Table 11 
Electric Hubs Used in OTC Market Analysis. 
Hub Description [4] Voltage [40] Interconnections 
Pinnacle 
 
An aggregate index of the 
trading at the substations near 
Scottsdale, AZ 
230 kV, 345 
kV, 500 kV 
WAPA, APS, 
SRP 
WW500 
 
An aggregate index of the 
trading at the substations near 
Sun City, AZ 
230 kV, 500 
kV WAPA, SRP 
Palo Verde 
 
An index of trading at the 
switchyard at the Palo Verde 
Nuclear Generating Station 
near Wintersburg, AZ 
500 kV SRP, CAISO, APS 
SP-15 
 
An aggregate index of the 
trading on the CAISO’s 
southern congestion zone.  The 
zone is south of the main 
north-south AC transmission 
pathway, California path 15 
Various CAISO 
NP-15 
 
An aggregate index of the 
trading on the CAISO’s 
northern congestion zone.  The 
zone is north of the main 
north-south AC transmission 
pathway, California path 15 
Various CAISO 
Mead 
 
An index of trading at the 
switchyard near the Hoover 
Dam near Boulder City, NV 
115 kV, 230 
kV, 500 kV 
WAPA, APS, 
SRP, 
Four Corners 
An index of trading at the 
switchyard of the coal-fired 
Four Corners 
power plant in Fruitland, NM 
345 kV, 500 
kV 
TEP, CAISO, 
APS, SRP 
The hub-pairs daily implied heat rates were then plotted against Mesa’s peak 
demand for the day and a regression line was fit to the data.  The following ten hub-pairs 
correlated best with Mesa’s peak demand: 
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Table 12 
Top 10 Hub Pairs Found Through Implied Heat Rate Analysis. 
Hub Pair 
Coefficient of 
Determination 
(R2) 
Pinnacle Peak - PG&E City Gate 0.4924 
Pinnacle Peak - SoCal City Gate 0.4850 
Four Corners - SoCal City Gate 0.4642 
Four Corners - PG&E City Gate 0.4631 
West Wing 500 - PG&E City Gate 0.4380 
Four Corners - El Paso South Mainline 0.4347 
West Wing 500 - SoCal City Gate 0.4334 
Four Corners - SoCal Ehrenberg 0.4247 
Pinnacle Peak - SoCal Ehrenberg 0.4182 
Four Corners - PG&E Topock 0.4176 
Because these Coefficients of Determination are low, there is still ample room for 
improvement of this (very basic, but still very useful) model.  There are certain general 
market constraints that help to explain this model’s behavior.  In general, coal and 
nuclear resources are dispatched first as they have the lowest operational dispatch cost 
and must be operated at a very high load factor to maintain operational efficiency and 
cost effectiveness.  The off-peak electricity prices at the hub shows little to no correlation 
with natural gas prices, indicating that natural gas is not the marginal fuel during off-peak 
hours (thereby indicating that nuclear and coal are the marginal resource).  Therefore, 
off-peak electricity costs will be more closely correlated with the resources that can most 
easily provide base load power to Pinnacle Peak.  These are most likely the Four Corners 
coal fired generation plant, Cholla coal fired generation plant and, in some instances, the 
Palo Verde Nuclear Generation plant, Navajo coal fired generation plant and Coronado 
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coal fired generation plant (although transmission access to Palo Verde from Pinnacle 
Peak is limited).  
It should be mentioned that the best correlation, between the Pinnacle Peak and 
PG&E City Gate combination, doesn’t seem to provide a plausible causation as to its 
correlation with Mesa’s peak demand.  Gas prices at PG&E City Gate should generally 
indicate the cost to produce power and supply natural gas demand in PG&E’s service 
territory, which is in the northern two thirds of California; an area that doesn’t feasibly 
have much access to providing power into the Phoenix area and therefore wouldn’t seem 
to affect the prices at Pinnacle Peak.  Overall, California is a net energy importer from the 
desert southwest area [41], and therefore it wouldn’t seem to be a plausible scenario that 
northern California based generators would be producing a large amount excess power 
and selling it directly to the Phoenix market at the Pinnacle Peak hub (although energy is 
imported from California occasionally). 
When looking at the parties who regularly trade at Pinnacle Peak (and, 
correspondingly, where they purchase their gas supplies), some of this confusion may be 
clarified, perhaps.  Parties that have responded to requests for power at Pinnacle Peak 
include those entities listed in Table 27.  In addition to the data in Table 27, it’s helpful to 
consider the long term transmission contracts that provide access to Pinnacle Peak. 
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Table 13 
Entities with Long Term Firm Transmission Contracts with WAPA on the Intertie System 
to or from Pinnacle Peak. 
Entity Point of 
Receipt 
Point of Delivery Transmission 
Reservation Capacity 
(MW) 
Imperial Irrigation 
District 
Westwing 
230-kV 
Pinnacle Peak 230-
kV 
62.5 
City of Mesa Westwing 
500-kV 
Pinnacle Peak 230-
kV 
25.0 
Unisource Energy 
Services 
Pinnacle 
Peak 230-
kV 
Griffith 230-kV 35.0 
WAPA CRSP* Westwing 
230-kV 
Pinnacle Peak 230-
kV 
134.0 
Arizona Power 
Authority* 
Mead 
230-kV 
Pinnacle Peak 230-
kV 
and/or Liberty 230-
kV 
112.0 
*Transmission capacity is reserved over the long term for CRSP and Hoover Dam power recipients, 
respectively.  This does not preclude the possibility of using any excess capacity for short term 
transactions. 
Additionally, the following utilities are network transmission customers on the 
WAPA system and have network capacity to Pinnacle Peak whereby they have power 
delivered to Pinnacle Peak, however, there is not a prescribed transmission path to deliver 
power from their generation assets to Pinnacle Peak: 
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Table 14 
Entities with Network Transmission Contracts Delivering Power to Pinnacle Peak. [42] 
Entity Generation Asset Transmission Reservation Capacity (MW) 
Page, AZ Electric 
Utility 
Boulder Canyon 
Project (Hoover Dam), 
CRSP 
1 MW, 6.4 MW 
Town of Fredonia Parker-Davis Project, RMS < 3 MW 
Aha Macav Resources CRSP < 1 MW 
Electrical District No. 
2 
CRSP, PPA’s 
w/Barclays & Shell 9.3 MW, Unknown, 5 – 25 MW 
Southwest 
Transmission 
Cooperative 
CRSP Unknown 
Unisource Energy 
Services Unspecified Purchases 
Unknown, In general, network 
deliveries are taken at Pinnacle 
Peak then delivered to Griffith 
All transmission rights and entities listed in Table 13, Table 14 and Table 27, are 
only on the transmission system operated by WAPA.  It should also be noted that APS 
and SRP both own transmission systems that interconnect to the Pinnacle Peak 
substation, generating even more complexity. 
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Table 15 
Other Transmission Systems that Trade at Pinnacle Peak. 
Entity Line Access To 
Salt River Project 
Pinnacle Peak to 
Brandow 230 kV (2 
circuits) 
Ocotillo, Gas, 334 MW (APS) 
Salt River Project 
Pinnacle Peak to 
Papago Buttes 230 
kV 
Kyrene, Gas, 521 MW 
Salt River Project Pinnacle Peak to Deer Valley 230 kV 
APS Transmission 
West Wing 
Arizona Public Service Pinnacle Peak to Four Corners 345 kV 
Cholla, Coal, 995 MW (615 MW 
owned by APS) 
Four Corners, Coal, 2,040 MW 
(782 MW owned by APS) 
Arizona Public Service Pinnacle Peak to Morgan 500 kV 
West Wing 
Navajo, Coal, 2,250 MW (315 
MW owned by APS) 
Arizona Public Service Pinnacle Peak to Ocotillo 230 kV 
Ocotillo, Gas, 334 MW 
Kyrene, Gas, 521 MW (SRP) 
The transmission assets listed in Table 15 can be contracted for by other entities, 
however, obtaining information on the parties involved is difficult due to the confidential 
nature of the contracts involved and won’t be explored further.  Looking at the asset 
composition of entities that trade at Pinnacle Peak, and the entities themselves that have 
transmission access to Pinnacle Peak, it becomes evident that attempting to determine a 
specific market driver for the hub is extremely complex.  Looking at the web of 
transmission paths, Pinnacle Peak can, in theory, receive power from nearly anywhere in 
the WAPA Desert Southwest, CRSP Service Area, and Parker-Davis Project Marketing 
Area. 
This is by no means a comprehensive look at the energy market in the Desert 
Southwest and the preceding information changes at a very rapid pace, so caution should 
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be used in attempting to interpret the market forces and reactions based on this data.  
Through deregulation and transmission interconnectivity, the proximity to physical 
generation assets no longer indicates that a utility will be “receiving” the power that is 
physically closest to it.  While the “electrons” may, in reality, be coming from the closest 
generation assets, interconnected transmission networks have created a nebulous array of 
points of generation and points of demand that all interact through the OTC wholesale 
power market.   
With this in mind, the physical source of power won’t be considered any further 
in this study and it will be assumed that, through market transactions, Mesa’s power cost 
is most affected by electric power trading at Pinnacle Peak 230 kV substation and natural 
gas trading at PG&E Citygate hub. 
Using this assumption, the model does accomplish the goal of being able to model 
the localized OTC power market using readily (and publicly) available index data along 
with the utility’s own proprietary data and so it will be used going forward. 
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Figure 9. Implied Heat Rate vs. Mesa System Load for Pinnacle Peak and PG&E City 
Gate Hubs for Calendar years 2011 and 2012. 
Natural gas futures for up to twelve years into the future are traded on the 
NYMEX at the Henry Hub.  Because the analysis above was run using hub prices at 
PG&E City Gate, the price at Henry Hub must be transformed to the price at PG&E City 
Gate: 
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Figure 10. The OTC Gas Price at Henry Hub vs the OTC Gas Price at PG&E City Gate. 
Using the relationship between Mesa’s system load and implied heat rate, then 
hour-by-hour power prices can be computed by using the applicable natural gas future as 
a proxy for the natural gas price at the time of analysis. 
This model does have assumptions inherent to it that are worth noting.  The most 
important, perhaps, is the assumption that the OTC market at Pinnacle Peak follows the 
same peaking behavior as Mesa’s ESA.  This may be the case, to a point, however, a 
large portion of the Desert Southwest includes winter peaking utilities, meaning that the 
electric loads due to heating are greater than the electric loads in the summer due to 
cooling.  Evidence that this does not seem to contradict the usefulness of the model can 
perhaps be seen in Figure 9.  If the demand seen for winter electricity were greater than 
summer, the curve would actually be reversed, i.e. the effective heat rate would be higher 
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(indicating more overall demand on the market) when Mesa’s demand is lower (in the 
winter).   
It is also worth noting that the curve in Figure 9 will be used for the 2025 
analysis.  This assumes that the behavior of the OTC market will stay consistent between 
2015 and 2025, although, this cannot be the case.  As older power plants are retired, more 
efficient units will become the marginal energy supply, which will shift the entire curve 
downwards, effectively lowering peak prices (assuming similar gas prices).  A reasonable 
way to approach accounting for this effect, however, was not determined for this study. 
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CHAPTER 8 
DEMAND SIDE MANAGEMENT 
Demand side management (DSM) is the utility strategy of reducing, shifting or 
slowing the growth of the demand of utility customers through incentive-based programs 
in order to avoid the construction of additional generation resources.  Because Mesa’s 
peak system demand and energy sales have already been organically declining since 
2007, reduction of peak demand without a coupled increase in off-peak demand would 
put upward pressure on utility distribution rates.  Load shifting would benefit both Mesa 
and its customers by reducing the need for on-peak supply contracts (and thereby 
reducing overall cost of energy by avoiding the purchase of expensive on-peak energy), 
but still maintaining a steady supply of energy sales to support fixed costs associated with 
the operation of the utility.  
The City operates a central cooling plant and cooling loop (District Cooling 
System) within the ESA.  The plant consists of three 900 ton chillers and one 950 ton 
chiller for a combined current capacity of 3,650 tons of cooling.  To maintain N+1 
redundancy, the City reserves the 950 ton chiller as a backup chiller and so the effective 
current chilling capacity of the plant is 2,700 tons.  Construction on the original portion 
of the District Cooling System was initiated in 2003 and finished in 2005.  Since then, the 
District Cooling System has grown from cooling nine buildings to currently providing 
cooling for 19 buildings with a total estimated design day system (customer) demand of 
1,966 tons.  As buildings are constructed within the downtown area or redesigned, 
District Cooling may be considered as an alternative to cooling the building using a 
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conventional air conditioning system.  The addition of these buildings could potentially 
add enough load to exceed the central plant’s current effective chiller capacity.   
An alternative to installing additional chilling capacity to meet this extra demand 
would be to implement large scale thermal storage.  During off-peak (electricity) hours 
the system would “fill” the thermal storage by making ice or chilling a large quantity of 
water or other storage medium colder than the system’s supply temperature (which is 
approximately 40 to 44 degrees Fahrenheit).  During peak hours, then, the thermal 
storage would be used to reduce or eliminate the required chiller work. 
Strategies for the implementation and design of a thermal storage system are 
highly dependent upon the financial pressures that each individual district cooling system 
is subject to (specifically, electric rates, incentives, and expansion and replacement 
capital costs).  As a very basic system, thermal storage can be implemented as a partial 
peak shaving system in which the aim of the system is to limit or reduce the peak 
(electrical or chilling) demand of the system for only a few hours of the month.  On a 
much larger scale, thermal storage can be implemented to effectively shut down chilling 
capacity during peak hours if the utility rate structure is such that it is extremely cost 
prohibitive to run any chillers during peak hours.  Additionally the utility may offer 
incentives for district cooling system owners to implement thermal storage such as utility 
demand side management (DSM) incentives for implementing thermal storage, or utility 
demand response (DR) program incentives (for district cooling system operators to 
reduce demand during specific hours of the year when called upon by the utility). 
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The system’s current peak load in terms of plant output is 2,166 tons (1,975 
optimal tons at the plant with a tolerance of approximately 200 tons), however, this peak 
is typically only experienced for a short, spiking period of two to four hours that occurs 
as a response to increasing return water temperatures.  The plant-side peak load is larger 
than the customer peak demand because of minor losses in the system and other 
operational considerations that require the plant to lower supply temperature or increase 
flow for short periods of time causing spikes in its output. 
The City’s ongoing master planning process for the District Cooling system has 
analyzed the potential addition of 5,595 tons of load to the system for a total system 
demand of 7,561 tons.  With only 3,650 tons of existing capacity at the current plant, 
significantly more chilling capacity would need to be added to the system to adequately 
meet this large chilling demand.  Thermal storage may be a means to reduce the chilling 
capacity that would need to be added to the system. 
The method of storage of thermal energy (either in ice or chilled water) and the 
control and design strategy for that storage often depend heavily upon the utility’s rate 
structure and demand charges.  Thermal storage will ultimately lead to increased energy 
consumption because keeping the storage media chilled for extended periods of time 
inevitably involves increased losses to the storage’s surroundings than if there weren’t 
storage.  Thermal storage systems also involve additional circulation pumps and other 
ancillary equipment that are required to maintain, store and extract the stored energy.  
The cost of this extra energy then, must be recovered through either (a) using energy that 
is less costly to supplant energy that is more costly (“energy arbitrage”) (b) through the 
avoidance of capital investments to generate savings, (c) through reductions in electric 
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utility demand charges and/or (d) demand side management and/or demand response 
incentives from the electric utility.   
One of the most conducive rate structures for the implementation of thermal 
storage is time-of-use pricing with ratcheted peak demand charges.  This is because 
thermal storage allows the partial or complete shutdown of the chilling capacity during 
peak pricing hours which reduces peak demand charges and additionally reduces (more 
expensive) peak energy use in favor of (less expensive) off-peak energy use.  In a 
ratcheted rate structure, reducing the demand for the peak 15 minutes (or hour, depending 
on the utility’s metering sensitivity) of the year reduces the monthly demand charges for 
the entire year, saving a significant amount of money.  This is a highly sensitive method 
of generating savings, however, because only one 15 minute period (the typical time 
interval used by an electronic meter to determine peak kW for a month) of high demand 
could negate an entire year’s efforts in maintaining a low demand.  This can occur due to 
depleted storage, storage system malfunction, or storage system maintenance.  
Thermal storage may also be implemented to avoid the capital investment costs of 
the addition of chilling capacity.  If, for instance, the utility can add storage that will 
avoid installing a large amount of additional chilling capacity, then the avoided capital 
cost may be able to offset the additional cost of energy.  This is most advantageous in 
district cooling systems that serve a load with a short peak that is large in comparison to 
its base load.   
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Lastly, if the electric utility is offering incentives for district cooling system 
operators to implement storage, this can prove a very effective method for justifying the 
addition of thermal storage instead of additional chilling capacity. 
Ultimately, the implementation of thermal storage is a very detail driven decision 
that affects each district cooling system operator very differently depending on the 
differing financial drivers stemming from their utility rates, utility incentives and system 
load profiles. 
Mesa’s district cooling system operates with an electric rate that is declining (the 
energy becomes less expensive as more is used) and with a flat demand charge, so the 
incentive to reduce or limit demand during peak hours is very limited.  Also, any 
incentives paid for the installation of storage would amount to an internal revenue 
transfer within the City which would be redundant in some senses.  Therefore the primary 
driver, at this point in time, for the implementation of thermal storage would be the 
potential to avoid capital investment costs and reduce overall monthly peak demand 
charges.   
The following strategy was used to simulate a simple control system for a thermal 
storage system that would help to avoid capacity addition to the system and limit peak 
electrical demand: 
• At the end of super peak electric hours (HE20, or 8:00 PM) the plant will begin 
“creating” thermal storage.  The rate of deposition to the thermal storage will be 
limited by the number of chillers that can be switched to glycol chilling to make 
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ice.  The other chillers (not creating thermal storage) will be used to meet the 
demand of the system. 
• Thermal storage will continue to build until it is full or until the beginning of 
super peak hours (HE12 or 12:00 PM) at which point, the system will attempt to 
“lock” the chilled water output of the plant.  For example, if the demand at 7:00 
AM is 1,500 tons, the plant will continue to operate at 1,500 tons until 11:00 
PM and the gap between the instantaneous system demand and the 1,500 tons of 
output will be met by “withdrawing” energy from the thermal storage. 
• A limit will be placed on the “lock” level so that only so many chillers will be 
operational at any time. 
Using a 2025 peak demand projection of 5,058 peak tons, a sample of current 
district cooling system data was scaled proportionally to create a new demand profile.  
The parameters in Table 16 were used in the simulation of the thermal energy storage. 
Table 16 
District Cooling System - Thermal Storage Simulation Parameters. 
Storage Amount 10,500 Ton-hours 
System Loss Rate 8% Daily 
Maximum Plant Output Rate 3,800 Tons 
Chillers Dedicated to Chilling Water 3 – 950 Ton 
Chillers Used for Storage or Chilling Water 1 – 950 Ton 
“Lock” time 12:00 PM 
Time to begin filling storage 8:00 PM 
Using the parameters in Table 16, the thermal energy storage simulation 
generated the system specifications in Table 17: 
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Table 17 
Resulting Specifications from District Cooling System Thermal Storage Simulation. 
Minimum Storage Levela 72.86 Ton-hours 
Peak Plant Chilled Water Output 3,800 Tons 
System Peak Load 5,267 Tons 
Required Energy Transfer Rate: Thermal Storage to Return Water 2,037 Tons 
aThe amount of thermal storage for the simulation was increased until this minimum storage level was 
above zero.  In an actual system, it would be beneficial to add additional storage to create a factor of safety 
for eliminating the possibility of running out of storage. 
Within the simulation, if the shape of the demand profile of the District Cooling 
System stays the same (or relatively similar) to how it currently is, Mesa could 
effectively meet over 5,000 Tons of building demand using 3,800 Tons of chilling 
capacity (four 950 ton chillers) plus 10,500 Ton-hours of thermal storage and one 
additional 950 Ton chiller to retain its N+1 redundancy in chilling capacity.  Were 
thermal storage not implemented, a total of six (950 ton) chillers would be required to 
meet demand and one additional chiller would be added for redundancy, so the thermal 
storage offsets the addition of the installation of two chillers in this instance.  As a benefit 
to the electric utility, that energy that was previously used during peak hours is now 
shifted to less costly off peak hours and infrastructure costs of adding electrical capacity 
to serve the load are avoided as well. 
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Figure 11. One Week Sample Operation of District Cooling System with Storage in July 
to Limit Peak Demand on the System. 
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Figure 12. One Week Sample Operation of District Cooling System with Storage in 
January to Limit Peak Demand on the System. 
Costs for thermal storage range from $100/ton-hour to $150/ton-hour [43] and 
Mesa’s estimates of costs for new chilling capacity have ranged from $2,000 per Ton to 
$3,000 per Ton.  Offsetting 1,900 Tons of chilling capacity ($5,700,000) with 10,500 
Ton-hours of thermal storage ($1,575,000), therefore, does seem justifiable from a basic 
economic standpoint.   This demand reduction will be included in the 2025 electric 
demand model scenarios that include demand side management. 
Electric vehicles (EVs) and charging stations are now starting to be implemented 
on a large scale in various areas of the United States.  Mesa, through its participation in 
the “EV Project”, (a deployment of EVs and EV Charging stations administered by the 
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US Department of Energy (DOE) and ECOtality Inc.) has installed charging stations in 
downtown Mesa for EV owners to use to “top off” their vehicles while they conduct 
business in the downtown area.  In addition to the public stations, EV owners have the 
option to charge their vehicles at home while the vehicle is not in use which is the more 
common mode of charging (ECOtality has found that 80% of charging events to date 
have occurred at residential charging units [44]).  As of June, 2013, 274 Nissan Leaf and 
143 Chevrolet Volts were participating in the EV Project in the greater Phoenix 
metropolitan area [44].  The average aggregate charging curves for Phoenix for the EV 
Project, to date, have been replicated and are shown in Figure 13.   
 
Figure 13. Charging Profiles for the Phoenix Metropolitan Area for Electric Vehicles in 
kW/Vehicle-mile. [44] 
The EIA provides projections of the United States’ vehicle stock, by year and 
technology for approximately 30 years into the future in its Annual Energy Outlook [45].   
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Using the Table 40 reference case, it is estimated that by the year 2025, 244 electric 
vehicles will be owned by residents in Mesa’s ESA.  Utilizing the existing data from the 
EV project, it’s estimated that Mesa will see a maximum load due to EV charging of 120 
kW in the year 2025.  This load will be added to the 2025 scenario as a form of DSM 
because (as seen in Figure 13) the load from EV’s occurs in off-peak hours. 
The last demand side load reduction considered will be approximately 6 MW of 
HVAC efficiency improvements.  A survey was conducted of the typical residential 
(single family and multi-family) customer within the ESA and a model was created using 
the Quick Energy Simulation Tool (“eQuest”).  eQuest is a software that was developed 
to expand upon the “DOE-2” software engine that was jointly developed by Lawrence 
Berkeley National Laboratory and J.J. Hirsch and Associates under funding from the U.S. 
Department of Energy and the Electric Power Research Institute to simulate energy usage 
in buildings [46].  The customers were modeled as follows: 
• Single story ranch style 
• Block wall construction, stucco exterior (78% Block vs. 22% Wood Frame) 
• Average construction year 1958 (range 1900 – 2005) 
• Average home size 1,510 ft2 (range 679 – 3,786 ft2) 
• Refrigeration cooling (conventional air conditioner) (67% A/C vs. 33% 
Evaporative cooling) 
• No pool at the home (88% no pool, 12% pool) 
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In addition to those characteristics above that were determined using the survey, 
the following assumptions were used to generate an eQuest model that would output 
hourly electric load: 
• Water heating and space heating use natural gas 
• Air conditioners are rated SEER-9.7 
Multifamily residential buildings were modeled as follows: 
• Wood frame construction, stucco exterior (30% Block vs. 70% Wood Frame) 
• Average construction year 1978 (range 1960 – 1997) 
• Average size 1,115 ft2 (range 710 – 1,690 ft2) 
• Refrigeration cooling (air conditioner) (100% A/C vs. 0% Evaporative cooling) 
In addition to those characteristics above that were determined using the survey 
for multifamily residential buildings, the following assumptions were used in the eQuest 
model: 
• Water heating and space heating use natural gas 
• Air conditioners are rated SEER-9.7 
Once the baseline hourly energy profiles were generated for the two customer 
types using eQuest, the efficiency (SEER rating) of the HVAC equipment was increased 
in eQuest to create a reduction in demand and hourly demand curves were generated that 
represented the DSM case for each type of residence.  A similar analysis was performed 
in eQuest on a simulated commercial customer and the demand reduction curves were 
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combined proportionally to each type’s annual energy consumption to create an overall 
reduction from HVAC related DSM for the 2025 scenarios.  The following mix of DSM 
reductions was used: 
Table 18 
Customer Class Contributions to HVAC DSM in 2025. 
Customer Type Customers with DSM Maximum MW Reductiona 
Single Family Residential 1,823 2.568 MW 
Multi-Family Residential 1,241 0.746 MW 
Commercial 252 3.582 MW 
aThese reductions are not coincident, meaning that they occur at different times of the day and therefore are 
not additive. 
64 
 
Figure 14.  Typical July Week Change in Hourly Load (MW) for Demand Side 
Management Measures. 
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Figure 15. Typical January Week Change in Hourly Load (MW) for Demand Side 
Management Measures. 
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CHAPTER 9 
MODELING THE POWER OUTPUT OF RENEWABLE RESOURCES 
Solar Resources 
Solar Resources were modeled with the following constraints in SAM: 
• Location: Phoenix, AZ 
• Modules: Sharp ND-250QCS 
• Inverter: Power-One PVI-Central-250-US 480V 
• Arrays: 12 modules/string, 83 strings, 33 degree fixed tilt, 180 degree azimuth 
angle 
• Output degradation: 0.5% annually 
These settings were used to simulate a single large array that could be scaled up to 
achieve the desired installation size.  SAM was then used to generate an hourly output 
file.  This output file was then grouped, normalized (into kWh/kW-DC installed) and 
averaged by month, day of the week and hour.  For example, all January data was 
grouped, then all Mondays were grouped, then all 3-4 PM data was grouped and 
averaged.  This created an average typical week hourly output profile for each month.  
Although it wouldn’t seem that the day of the week would have a causation related effect 
on the output of a solar array, this method did produce some variability between the 
weekdays that served as reasonable noise in the output profile. 
Wind Resources 
Solar Resources were modeled with the following constraints in SAM: 
• Location: Arizona – Eastern – Rolling Hills (similar to the location suggested in 
indicative offers) 
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• Turbine – Gamesa G90 2.0 MW, Hub Height 80 m (indicative offers used a 
similar turbine) 
• Wind Farm – one row of eight turbines 
 These settings were used to simulate a single large wind farm that could be scaled up to 
achieve the desired installation size.  SAM was then used to generate an hourly output 
file.  This output file was then grouped, normalized (into kWh/kW-DC installed) and 
averaged by month, day of the week and hour.  For example, all January data was 
grouped, then all Mondays were grouped, then all 3-4 PM data was grouped and 
averaged.  This created an average typical week hourly output profile for each month.  
Similar to the solar simulation, although it wouldn’t seem that the day of the week would 
have a direct and consistent causation related effect on the output of a wind farm, this 
method did produce some variability between the weekdays that served as reasonable 
noise in the output profile. 
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CHAPTER 10 
DEMAND- AND SUPPLY-SIDE SCENARIOS FOR CONSIDERATION 
While the options for providing renewable power to Mesa are seemingly endless, 
a few specific, realistic scenarios were chosen. 
The first set of scenarios analyzes the current energy and demand requirements 
(calendar year 2015) met by the existing hydroelectric power contracts plus varying 
levels of solar and wind energy procured through PPA’s.  Levels of 5% and 10% of 
annual energy requirements were analyzed for just solar power, just wind power and for 
an optimal combination of solar and wind power.  Additionally, a scenario will be 
analyzed that does not include any solar or wind resources to establish a baseline for the 
current energy and demand requirements. 
The second set of scenarios analyzes Mesa’s forecasted energy and demand 
requirements in the year 2025 under two different demand scenarios.  The first demand 
scenario is with demand forecasted with a “business as usual” type approach.  The second 
demand scenario alters the forecasted demand by implementing the DSM measures 
detailed in Chapter 8.  For these two demand scenarios, levels of 5% and 10% of annual 
energy requirements were analyzed for just solar power, just wind power and for an 
optimal combination of solar and wind power.  Additionally, scenarios were analyzed 
that do not include any solar or wind resources to establish baselines for the two 2025 
demand scenarios. 
One last scenario was run to determine what the effect would be in 2025 of 
implementing the proposed Biomass plant, discussed in Chapter 6 along with DSM and 
the optimal mix of renewable resources. 
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Pricing for all scenarios were gathered as “indicative” pricing quotes from a list of 
approximately thirty suppliers, as delivered to Mesa’s delivery points.   
• Baseline Scenarios (1-3): 2015, 2025 and 2025 + DSM Energy Requirements met 
by existing resources 
• Scenario 4: 2015 Energy Requirements (and corresponding demand) met by 
existing resources (including hydroelectric power) and 5% utility-side solar 
energy. 
• Scenario 5: 2015 Energy Requirements (and corresponding demand) met by 
existing resources and 10% utility-side solar energy. 
• Scenario 6: 2015 Energy Requirements (and corresponding demand) met by 
existing resources and 5% utility-side wind energy. 
• Scenario 7: 2015 Energy Requirements (and corresponding demand) met by 
existing resources and 10% utility-side wind energy. 
• Scenario 8: 2015 Energy Requirements (and corresponding demand) met by 
existing resources and 5% optimal combination utility-side wind & solar energy.  
This single scenario actually consists of eight separate scenarios to determine the 
optimal mix of resources. 
• Scenario 9: 2015 Energy Requirements (and corresponding demand) met by 
existing resources and 10% optimal combination utility-side wind & solar energy.  
This single scenario actually consists of 17 separate scenarios to determine the 
optimal mix of resources. 
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• Scenario 10: 2025 Energy Requirements (and corresponding demand) assuming 
conventional growth met by conventional resources, existing hydro and 5% 
utility-side solar energy. 
• Scenario 11: 2025 Energy Requirements (and corresponding demand) assuming 
conventional growth met by conventional resources, existing hydro and 5% 
utility-side wind energy. 
• Scenario 12: 2025 Energy Requirements (and corresponding demand) assuming 
conventional growth met by conventional resources, existing hydro and 10% 
utility-side solar energy. 
• Scenario 13: 2025 Energy Requirements (and corresponding demand) assuming 
conventional growth met by conventional resources, existing hydro and 10% 
utility-side wind energy. 
• Scenario 14: 2025 Energy Requirements (and corresponding demand) assuming 
conventional growth met by conventional resources, existing hydro and 5% 
optimal combination utility-side wind & solar energy.  This single scenario 
actually consists of eight separate scenarios to determine the optimal mix of 
resources. 
• Scenario 15: 2025 Energy Requirements (and corresponding demand) met by 
existing resources and 10% optimal combination utility-side wind & solar energy.  
This single scenario actually consists of 17 separate scenarios to determine the 
optimal mix of resources. 
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• Scenario 16: 2025 Energy Requirements (and corresponding demand) assuming 
implementation of Demand Side Management met conventional resources, 
existing hydro and 5% utility-side solar energy. 
• Scenario 17: 2025 Energy Requirements (and corresponding demand) assuming 
implementation of Demand Side Management met conventional resources, 
existing hydro and 10% utility-side solar energy. 
• Scenario 18: 2025 Energy Requirements (and corresponding demand) assuming 
implementation of Demand Side Management met by conventional resources, 
existing hydro and 5% utility-side wind energy. 
• Scenario 19: 2025 Energy Requirements (and corresponding demand) assuming 
implementation of Demand Side Management met by conventional resources, 
existing hydro and 10% utility-side wind energy. 
• Scenario 20: 2025 Energy Requirements (and corresponding demand) assuming 
implementation of Demand Side Management met by conventional resources, 
existing hydro and 5% optimal combination utility-side wind & solar energy.  
This single scenario actually consists of eight separate scenarios to determine the 
optimal mix of resources. 
• Scenario 21: 2025 Energy Requirements (and corresponding demand) assuming 
implementation of Demand Side Management met by conventional resources, 
existing hydro and 10% optimal combination utility-side wind & solar energy.  
This single scenario actually consists of 17 separate scenarios to determine the 
optimal mix of resources. 
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• Scenario 22: 2025 Energy Requirements (and corresponding demand) assuming 
implementation of Demand Side Management met by conventional resources, 
existing hydro, 10% optimal combination utility-side wind & solar energy and a 1 
MW Biomass Plant 
Using these 22 scenarios, iterative simulations were run to determine the most optimal 
combination of renewable resources and conventional purchased power products while 
still remaining within the required error constraints.   
Table 19 
Solar and Wind Capacities Required to Meet 5% and 10% Annual Energy Penetration 
Levels. 
Year 
 
City of 
Mesa 
Peak 
Demand
(MW) 
City of Mesa 
Forecasted 
Energy 
Supply 
Requirement 
(MWh) 
 
Solar Capacity (MW) 
Required to Meet the 
Following Annual 
Energy Requirements: 
Wind Capacity (MW) 
Required to Meet the 
Following Annual 
Energy Requirements: 
5% 10% 5% 10% 
2015 84.00 334,963 9.20 18.39 6.15 12.29 
2025 87.00 351,640 9.65 19.31 6.45 12.90 
+DSM  343,417 9.43 18.86 6.30 12.60 
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Table 20 
Solar and Wind Capacity Combinations Required to Meet 5% Annual Energy 
Penetration Levels. 
Solar Resources 
(MW) 
Wind Resources 
(MW) - 2015 
Wind Resources 
(MW) – 2025 
Wind Resources (MW) 
– 2025 with DSM 
1.00 5.48 5.78 5.63 
2.00 4.81 5.12 4.96 
3.00 4.14 4.45 4.30 
4.00 3.47 3.78 3.63 
5.00 2.80 3.11 2.96 
6.00 2.14 2.44 2.29 
7.00 1.47 1.77 1.62 
8.00 0.80 1.11 0.95 
9.00 0.13 0.44 0.29 
Table 21 
Solar and Wind Capacity Combinations Required to Meet 10% Annual Energy 
Penetration Levels. 
Solar Resources 
(MW) 
Wind Resources 
(MW) - 2015 
Wind Resources 
(MW) – 2025 
Wind Resources (MW) – 
2025 with DSM 
1.00 11.62 12.24 11.93 
2.00 10.96 11.57 11.27 
3.00 10.29 10.90 10.60 
4.00 9.62 10.23 9.93 
5.00 8.95 9.56 9.26 
6.00 8.28 8.89 8.59 
7.00 7.61 8.23 7.92 
8.00 6.95 7.56 7.26 
9.00 6.28 6.89 6.59 
10.00 5.61 6.22 5.92 
11.00 4.94 5.55 5.25 
12.00 4.27 4.88 4.58 
13.00 3.60 4.22 3.91 
14.00 2.94 3.55 3.25 
15.00 2.27 2.88 2.58 
16.00 1.60 2.21 1.91 
17.00 0.93 1.54 1.24 
18.00 0.26 0.87 0.57 
19.00 N/A 0.21 N/A 
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CHAPTER 11 
GOALS AND CONSTRAINTS FOR OPTIMIZATION ANALYSIS 
“Optimization” in terms of fitting a selection of power products to customer 
demand can entail many different things.  Mesa has historically focused on reliability and 
affordability as the defining characteristics of an optimal selection of power products and, 
as such, has historically utilized the power products described in Chapter 4 and 5.  
Reliability has been historically achieved through the purchase of “firm” energy 
resources with contractual provisions to ensure that power is delivered reliably (suppliers 
are required to maintain operating reserves and any deliveries that are “cut” or “missed” 
must be made up by the supplier or paid for at the marginal market rates) and reliability 
has also been historically achieved through the purchase of dispatchable capacity that can 
be utilized, when necessary, during periods of peak demand when supply and 
transmission resources are scarce.  Affordability has been historically achieved through 
the use of competitive solicitations to ensure the lowest possible cost for the power 
products that Mesa determines to be most appropriate to meet demand.  Optimization, 
then, is achieved by testing the financial impacts of the various available power products 
to determine the most affordable mix of power products while still meeting Mesa’s 
requirement for reliability. 
Interwoven within the optimization process are various constraints that must be 
taken into account during the analysis.  The most significant constraints are encountered 
when trying to account for the poor timing, lack of dispatchability, and intermittency of 
renewables.   
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The poor timing and lack of dispatchability of renewables (i.e. peak production of 
solar power is somewhere near noon whereas peak demand for Mesa’s system is 
somewhere in the evening, see Figure 16 & Figure 17) dictates that the rest of Mesa’s 
power supply resources must be shaped around the output of the renewable resources.  As 
a result, the optimum mixture of power products without renewables becomes slightly 
different from the optimum mixture of power products with renewables integrated into 
the mixture. 
 
Figure 16. Normalized Solar Output, Normalized System Demand and Net Load by Hour 
for a July Day. 
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Figure 17. Normalized Solar Output, Normalized System Demand and Net Load by hour 
for a January Day. 
The levels of renewables in Figure 16 & Figure 17 are greater than those used in 
the scenarios discussed in this study, however, the emphasis is used to demonstrate how 
the implementation of these resources affects the net demand on the system.   
Comparing the net demand to the system demand without solar, it can be seen that 
the required ramp rates of peak generation to meet the net demand curve are much higher, 
which is generally more difficult to achieve and less efficient and therefore generally 
more expensive.  Winter season demand without solar is relatively flat and can mostly be 
met by base load generation, however, when a high amount of solar is added to the 
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resource portfolio, the resulting net demand is extremely peaked and the peak demand 
may not actually be reduced. 
 
Figure 18. Normalized Wind Output, Normalized System Demand and Net Load by hour 
for a July Day. 
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Figure 19. Normalized Wind Output, Normalized System Demand and Net Load by hour 
for a January Day. 
As seen in Figure 18 and Figure 19, wind power doesn’t drastically improve upon 
the demand curve shape either and can cause increased ramping in both summer and 
winter. 
The intermittency of renewables directly implies that the addition of renewables 
into the power supply will work counter to Mesa’s requirement for electric supply 
reliability, however, the quantifiable effect of this in terms of reliability (i.e. number of 
customer outages) and the quantifiable effect of this in terms of affordability (i.e. the cost 
of to provide backup resources for when wind speed is rapidly decreased) was discussed 
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with WAPA and it was not envisioned that the effects of implementing these resources 
into Mesa’s power mix would significantly affect the direct regulation and ancillary 
service charges that Mesa experiences.  As such, these effects, however great or small, 
were ignored for this analysis.  WAPA has implemented ancillary regulation charges for 
renewable resources that are installed on the customer’s side of the distribution interface, 
however, if the resources are supplied through a typical PPA structure whereby they are 
not directly tied to Mesa’s transmission or distribution system, WAPA would not charge 
Mesa for any regulation or balancing.  Instead, the PPA provider would be responsible 
for these costs and so they are already accounted for in the PPA pricing. 
Within the actual operation of the grid, ultimately, supply (minus losses) will 
always closely match demand due to the work of the grid operator, however, there is the 
important question of how much of Mesa’s overall energy supply should be left subject to 
the volatility of wholesale spot market purchases.   
For the power products listed in in Chapter 5, indicative pricing was requested 
from Mesa’s power supply vendors.  Using the analysis methods in Chapter 12, initial 
analyses found that the weighted average spot market price was lower than the indicative 
pricing of the power products, meaning that Mesa could potentially be better off 
(financially, in the short term) purchasing all of its energy from the spot market rather 
than purchasing any power products with multi-year terms at all.  Due to the nature of the 
products, this is expected because the suppliers have to build in security against market 
fluctuations and their own profit; however, purchasing all of Mesa’s energy resources on 
the spot market would result in an uncomfortable amount of market exposure for Mesa 
and its customers.  Therefore, this analysis will use the constraint that any final optimal 
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resource mixture must not rely on the wholesale spot market significantly more than 
Mesa’s current power supply mix (a successful run may meet more than 10% of the 
energy demand with OTC Spot Market purchases) and a successful run must not cause 
Mesa to sell more than 5% of its energy purchases (i.e. a situation where Mesa is 
oversupplied).  Similarly, with relation to hourly wholesale spot market purchases, the 
percentage of wholesale spot market purchases (hourly average demand minus 
contractual supply divided by the hourly average demand) must not exceed current 
maximums of approximately 60%. 
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CHAPTER 12 
METHOD OF ANALYSIS 
Analysis was divided into two separate models.  The first model (“Demand-Side Model”) 
analyzed historical data for system demand in order to determine what a typical week of 
system demand would be for every month in 2012.  The 2012 data was used for the 2015 
simulation as demand and energy requirements have not changed significantly.  Then, the 
data from EIA and DOE were used to determine the demand in 2025 with the addition of 
the demand-side management programs.  The Demand-Side Model is represented 
graphically below: 
 
Figure 20. Demand Side Model. 
The second model (“Supply-Side and Optimization Model”) utilized the 
indicative pricing of various power products to iterate varying levels of each product to 
determine the effect of integrating specific levels of renewables into the resource supply 
mixture and to optimize the mixture of conventional resources around that 
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implementation of the renewable resources. The Supply-Side and Optimization Model is 
represented graphically below: 
 
Figure 21. Supply Side and Optimization Model Where Demand is Greater than the Sum 
of the Term Supplies (A > B + C + D + E). 
 
 
Figure 22. Supply Side and Optimization Model in Various Scenarios where Contractual 
Supply (Some Combination of B + C + D + E + F) is Greater than the Hourly Demand 
(A) Resulting in Energy Sales to the Spot Market (G).   
Dispatch simulation modeling on an hourly basis was performed as follows: 
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1.Conventional power products were automatically dispatched because of their 
take-or-pay nature.  These resources were dispatched minus Mesa’s average 
transmission losses on WAPA’s system.   
2.Renewable resources were dispatched based upon an hourly supply curve 
generated in SAM.  These resources were dispatched minus Mesa’s average 
transmission losses on WAPA’s system. 
3.Parker-Davis and CRSP resources were grouped together and dispatched jointly 
as “hydro resources.”  This dispatch was performed in three stages: 
a. The minimum hydro dispatch was automatically dispatched across every 
hour because of the contractual requirements to do so 
b.Any remaining energy (“Hydro Dispatch A”) was dispatched to fill any 
hourly supply shortfalls that were remaining after dispatching the 
conventional power products, renewable resources and minimum hydro 
dispatch.  Hydro Dispatch A was dispatched based on the hourly spot 
market price from most expensive hour to least expensive hour, up to the 
maximum contractual capacity, until all of the energy was used 
c. If, for instance, Mesa’s conventional power products, renewable 
resources, minimum hydro dispatch, and a portion of Hydro Dispatch A 
completely met Mesa’s demand needs, the remaining hydro energy 
(“Hydro Dispatch B”) would be dispatched during the times of the most 
expensive spot market prices.  Although this dispatch is above Mesa’s 
demand requirements, forcing Mesa to sell the excess energy on the spot 
(continued) 
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market, the dispatch strategy would ensure that Mesa received the 
maximum amount of compensation for selling the excess energy.  It 
should be noted that all final optimal solutions do not use Hydro 
Dispatch B because that would imply that Mesa is purchasing energy, 
which it is then selling at a loss, which is not an optimal supply scenario 
After the conventional power products, renewable resources, and all hydro 
resources have been dispatched, any remaining difference between Mesa’s demand and 
the resource supply mix is then assumed to be made up by spot market energy purchases.  
If the dispatch of Mesa’s resources exceeds Mesa’s demand, then that excess energy is 
assumed to be sold on the spot market for a slight loss (which is reflective of Mesa’s 
historic ratio of pricing for power sales vs power purchases).   
Using this dispatch strategy, ranges of power supply options were iterated in order 
to determine the most optimal resources supply portfolio for each month for every 
scenario. 
Again, although it may seem counterintuitive to dispatch the cheapest resource 
(the hydroelectric power) “last”, in reality, the hydroelectric power, renewable power and 
term contracts are all scheduled before-hand and dispatched together because they are all 
take-or-pay style contracts whereby even if Mesa doesn’t need the energy, it still has to 
pay for it and receive it.  The flexibility in the dispatchable portion of the hydropower 
forces it to be used last to fill in any “gaps” as optimally as possible.  Scenarios that 
dispatch hydropower over and above Mesa’s demand when Mesa’s needs are already met 
by term contracts etc., although they may be a realistic scenario, in this study they can be 
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considered extraneous analysis because none of them are close to being optimal supply 
portfolios because in those scenarios Mesa is purchasing power that it doesn’t require. 
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CHAPTER 13 
RESULTS 
 The iterative model in Chapter 12, although somewhat time consuming to run, 
generated a comprehensive look at the scenarios to determine the optimal energy resource 
mixes for each level of renewable energy implementation.  As shown in Table 22, for 
2015, wind resources are less expensive to implement than solar resources.  By the year 
2025, solar resources become the less expensive resource to implement.  Four of the six 
“mix” scenarios did not produce resource mixes that were less expensive than purely 
solar or purely wind resources (as indicated by an entry of “N/A” in Table 22).  In all 
instances the implementation of renewables increases the average cost of energy, which 
is to be expected given the price differential between renewable and conventional 
resources.  By 2025 the percentage increase in average price of energy due to the 
implementation of renewables is reduced because the inflation adjusted price of 
renewables has decreased, whereas price of energy in the OTC market has increased. 
 The DSM programs that were tested helped to mitigate some of the increase due 
to the addition of renewables by shifting demand to less costly hours of the day. 
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Table 22 
Total Average Price of Energy for All Scenarios in $/MWh. 
Scenario 
 
Year 
2015 2025 2025 + DSM 
Baseline $38.492 $53.205 $52.883 
5% Wind $39.874 $54.839 $54.489 
5% Mix $39.868 N/A* N/A* 
5% Solar $39.885 $54.388 $54.033 
10% Wind $41.294 $56.518 $56.163 
10% Mix $41.289 N/A* N/A* 
10% Solar $41.383 $55.689 $55.364 
10% Solar + Biomass N/A** N/A** $55.088 
Annual MWh 334,963 351,640 343,417 
* These resource mix scenarios did not reduce the cost of energy compared to the all solar or all wind 
resources and so the results were not included. 
** The addition of biomass was not simulated in the 2015 or 2025 (without DSM) scenarios. 
 
 
Figure 23. Monthly Energy Cost Increase per MWh for the Addition of Renewables in 
2015. 
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Figure 24. Monthly Energy Cost Increase per MWh for the Addition of Renewables in 
2025. 
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Figure 25. Monthly Energy Cost Increase per MWh for the Addition of Renewables in 
2025 with DSM. 
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The adjustments required to accommodate the renewable resources varied by 
month, year and resource.  The adjustment was the least in July for the 2015 and 2025 
5% wind scenarios.  The largest adjustment occurred in March for the 2015 10% wind 
scenario whereby the total term contract purchases were reduced from 22 MW to 16 MW 
(a decrease of 35%) to accommodate the large amount of wind power produced in March. 
Similarly, the Solar resources caused the largest adjustments in March and April because, 
although system demand is low, the hours of daylight are approaching the summer 
solstice (typically June 20th or 21st) and so the conventional resources must be adjusted 
downwards in order to accommodate the relatively large solar output.   
Table 23 
Percent Reduction in Term Contracts by Month in 2015 to Accommodate Renewable 
Resources. 
Scenario 1 2 3 4 5 6 7 8 9 10 11 12 
5% Solar 11% 8% 15% 14% 13% 11% 10% 13% 8% 10% 13% 8% 
10% Solar 15% 17% 30% 27% 23% 18% 20% 20% 17% 20% 21% 13% 
5% Mix 11% 8% 20% 14% 10% 7% 2% 9% 6% 7% 13% 8% 
10% Mix 19% 17% 30% 27% 20% 16% 16% 13% 11% 17% 21% 17% 
5% Wind 11% 8% 15% 14% 10% 7% 2% 11% 6% 7% 13% 4% 
10% Wind 19% 17% 35% 27% 17% 11% 4% 11% 8% 13% 21% 17% 
Table 24 
Percent Reduction in Term Contracts by Month in 2025 to Accommodate Renewable 
Resources. 
Scenario 1 2 3 4 5 6 7 8 9 10 11 12 
5% Solar 7% 12% 14% 13% 9% 10% 12% 6% 10% 9% 8% 11% 
10% Solar 14% 15% 27% 29% 22% 17% 22% 15% 18% 19% 16% 19% 
5% Wind 10% 12% 18% 13% 9% 6% 4% 4% 5% 6% 8% 15% 
10% Wind 21% 19% 32% 25% 16% 10% 8% 6% 8% 13% 20% 19% 
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Table 25 
Percent Reduction in Term Contracts by Month in 2025 (with DSM) to Accommodate 
Renewable Resources. 
Scenario 1 2 3 4 5 6 7 8 9 10 11 12 
5% Solar 7% 8% 18% 17% 13% 13% 14% 8% 8% 10% 12% 11% 
10% Solar 10% 12% 27% 33% 23% 20% 22% 17% 17% 19% 20% 19% 
5% Wind 10% 8% 18% 17% 10% 7% 12% 4% 3% 10% 12% 15% 
10% Wind 21% 16% 36% 29% 16% 11% 12% 6% 6% 13% 24% 19% 
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CHAPTER 14 
CONCLUSIONS AND LESSONS LEARNED 
Hydropower 
 Mesa’s hydropower resources are the key to enabling the flexibility to shape 
Mesa’s portfolio around renewable resources.  Other utilities without hydropower or 
other such flexible power products may face significant challenges implementing 
renewables into their portfolio.  Conventional market power products that are shaped 
around renewable resources aren’t readily available yet (perhaps because of 
hydropower’s flexibility and availability) to accommodate the current (low) level of 
penetration of renewables on the national grid.  The result of this is that solar renewable 
resources, the most expensive resources in the portfolio, end up displacing hydropower, 
the most inexpensive resource in the resource portfolio.  Similarly wind resources 
displace inexpensive base load resources and hydropower resources.  The common 
narrative that focuses on the fact that renewable resources are approaching parity with 
on-peak resources then becomes an inappropriate comparison because renewable 
resources don’t directly displace those on-peak resources.   
The Choice Between Solar and Wind Resources 
 The variation in the overall supply price between the scenarios of wind, solar and 
the mixture is very minimal.  This is not to say that the choice between wind, solar, and 
the mixtures is trivial, but at the price levels for the resources that were used, they seem 
to be close to equivalent in terms of their impact on the overall supply price for the 2015, 
2025 and 2025+DSM scenarios.  In the 2015 scenario, were the current prices for solar 
and wind equal, the results may have been skewed more so in the favor of solar resources 
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for keeping overall power prices lower.  Using all wind resources to meet any portfolio 
requirement in 2015 is a less expensive option, however, at a 5% implementation level, a 
mixture of mostly wind with a small amount of solar proved to be less expensive than all 
wind or all solar.  Also in 2015, using a near equal mixture of wind and solar at the 10% 
implementation level was less expensive than all wind or all solar. 
 By 2025, the much more aggressive learning curve of solar dropped the installed 
price of solar by enough that using solar becomes a less expensive option in 2025 even 
though, on a per-MWh basis, solar is still a more expensive resource.  This is because, for 
this particular power profile, the solar resources offset more expensive power than wind 
resources.  This should be given the most attention when looking at the “sticker price” of 
the two resources (the PPA’s price per MWh).  The “sticker price” is not as important as 
the price of the energy that the renewable resource displaces.  Simply put, resources that 
displace more expensive energy are inherently more valuable to the utility. 
Impact on the Customer 
 Perhaps the most important metric to consider is the impact of these resource 
decisions on the average customer’s bill.  For every kWh of energy that the customer 
uses, he or she is charged separately for distribution charges, transmission charges, and 
generation charges.  This study only examines the effects on the generation charges (cost 
to purchase the generated energy) and, to a very small extent, transmission charges (the 
cost to deliver that energy to the distribution utility).  Distribution charges (the costs to 
maintain the distribution utility’s electric distribution system and deliver the energy from 
the transmission substation(s) to the customers) likely won’t be affected by the resource 
choice and distribution charges comprise of almost half of the customer’s bill.  This has 
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the effect of significantly dampening any changes in the generation charges.  Distribution 
charges may be affected by the implementation of DSM (less revenue-generating sales 
puts upward pressure on distribution rates to ensure that there is adequate recovery of 
fixed costs of the utility), however, this study does not attempt to quantify those effects.  
Knowing the current utility distribution rates that are in place for 2015 and assuming that 
Mesa’s ratio of transmission costs to generation costs stay the same, the impact to the 
average customer’s annual bill can be calculated for 2015: 
Table 26 
Average Residential Customer’s Bill Increase in 2015 Due to the Addition of Renewable 
Resources. 
Scenario Average Residential Customer Bill, 2015 
Percent Increase Over 
Baseline 
Baseline $967.46 N/A 
5% Wind $980.45 1.34% 
5% Mix $980.44 1.34% 
5% Solar $980.92 1.39% 
10% Wind $993.80 2.72% 
10% Mix $994.04 2.75% 
10% Solar $995.34 2.88% 
 Solar energy increases the total energy cost more in the summer than wind and, 
conversely, wind power increases the total energy cost more in the winter than in the 
summer due to the seasonal prevalence of each resource, respectively.  This impact 
should be taken into account when selecting a resource because customer bills in the 
desert climate are already much higher in the summer than in the winter so any further 
increases in the summer may exacerbate the price differential between the two seasons. 
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Demand Side Management 
 Demand Side Management helped to reduce per unit costs for all 2025 scenarios 
between 0.58% and 0.65%.  By shifting load from more expensive hours to less 
expensive hours, DSM helped to create a demand curve that was less costly.  This 
conservative approach to DSM reduced the overall annual energy requirements by 2.3% 
which would, presumably, put upward pressure on distribution rates; however, when 
implemented alongside growth in the customer base, this pressure can be managed.  The 
current trend of falling energy demand of Mesa’s customers may not support the 
impending need to implement HVAC style DSM (which is purely demand reduction) but 
load shifting opportunities like thermal energy storage are still beneficial even in the light 
of the conservation that is currently occurring without DSM programs. 
Adjustment of the Supply Portfolio to Accommodate Renewables 
For all scenarios integrating renewable resources (wind and solar), adjustments 
should be made to accommodate the addition of the renewable resources.  Similar to how 
the price was affected by each resource, the largest adjustments to the conventional 
purchases occurred in the months where the renewable resources generated the most 
energy relative to the system demand.  For solar resources this occurred in April and 
March.  For wind resources this occurred in March and December. 
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CHAPTER 15 
OPPORTUNITIES FOR FURTHER INVESTIGATION 
 This study attempts to unravel extremely complex problems with relatively simple 
models which leaves ample opportunity for further investigation. 
Market Price Model 
As the study looks at the value of offsetting market purchases with other 
resources and so the valuation of market power is quite important.  Further refinement of 
the model used to price market power (by the hour) would be extremely valuable.  It 
would be useful, perhaps, to integrate market signaling for the known shutdown of large 
plants, and integrate the pricing of the coal market.  The model used Mesa’s load as the 
primary independent variable to predict the price of electricity, however, it may be more 
appropriate to use the entire load of the WALC balancing authority (which Mesa is a part 
of) as a better proxy for generating a price signal, however, the author is not aware of a 
readily available source of this data.  This is a question that many entities in the energy 
market attempt to answer on a daily basis, and so better models are certainly being used, 
however, they’re likely proprietary in nature. 
Renewable Price Parity Evaluation 
 Currently renewable resources are more expensive to purchase, on a per kWh 
basis, than conventional resources, but an area for further study would be determining the 
price at which the integration of renewable resources would not affect the overall cost of 
energy to the utility.  This could be achieved by simply lowering the cost of the 
renewable resource until the overall cost of energy matched the overall cost of energy for 
the baseline scenario.  Similarly, the price of conventional resources could be increased 
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to create a scenario where adding renewable resources wouldn’t affect the price of 
electricity (similar to adding a carbon tax or imposing emissions control requirements 
upon conventional resources), however, this scenario would be much more expensive 
(and therefore less desirable) overall cost of energy than if the price of renewables were 
to decrease. 
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APPENDIX A 
SAMPLE SIMULATION RESULTS FOR JULY WITH AND WITHOUT SOLAR 
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Figure 26. Simulation Output for July 2015 Without Renewable Resources. 
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Figure 27. Simulation Output for July 2015 with 10% Solar Resources. 
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APPENDIX B 
ENTITIES THAT RESPOND TO REQUESTS FOR PROPOSAL AT PINNACLE 
PEAK 
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Table 27 
Entities that Respond to RFPs at Pinnacle Peak. 
Entity Description of Assets in the WECC 
MW in 
the 
WECC 
Access to Pinnacle Peak? 
Shell Energy 
North 
America 
[47] 
Cabazon Wind: 41 MW 
co-owned with Goldman 
Sachs in Palm Springs, 
online in 2002 
Whitewater Wind: 61.5 
MW co-owned with 
Goldman Sachs in Palm 
Springs, online in 2002 
102.5 
Not likely, these wind projects 
likely provide power to support 
California's renewable energy 
requirements; the energy is 
likely spoken for in long-term 
contracts and would not be 
available for OTC purchases 
Constellation 
(Exelon) 
[48] 
N/A, Constellation does 
not own any applicable 
generating assets (in the 
WECC), however, they 
may be under contract to 
operate and market plants 
or may be purchasing 
power from specific plants 
and selling it, however, 
it's difficult to tell either 
way.  
N/A 
Although Constellation doesn't 
visibly own any substantial or 
relevant assets in the WECC, 
they are active in the market. 
EDF [49] 
EDF owns substantial 
wind power assets 
throughout California 
(763 MW) and 
Washington (144 MW) 
and minimal solar in 
California and Oregon 
908.1 
All of the wind projects are 
currently under long-term 
contracts with California 
electric utilities 
Tenaska [50] 
Tenaska is the operator 
and asset manager of the 
830 MW High Desert 
Natural Gas Plant in 
Victorville, CA supplied 
by PG&E's transmission 
pipeline 
830 
Power could get from the plant 
to Devers then to PV or up to 
Mead then to Pinnacle Peak, 
however, power *typically* 
flows from Arizona into 
California.  This doesn't 
preclude trading High Desert 
Power for other Arizona Power 
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Entity Description of Assets in the WECC 
MW in 
the 
WECC 
Access to Pinnacle Peak? 
Imperial 
Irrigation 
District (IID) 
[51] 
IID has a large portfolio 
of power supplies 
including: 
- 106 MW from the San 
Juan Generating Station 
(Coal) which it can deliver 
to Pinnacle Peak 
-14 MW from Palo Verde 
(Nuclear) 
-32.6 MW from Parker-
Davis (Hydro) 
-70 MW from the Yucca 
Plant  
~420 MW of internal NG 
Generation 
-39 MW of internal Diesel 
Generation 
-150 MW PPA with El 
Paso Electric 
~1,200 
IID has a wide range of assets, 
however, they are likely tied up 
with serving internal utility 
loads.  When excess capacity 
exists, however, it does appear 
that they have the ability to 
deliver some power to Pinnacle 
Peak, although their focus in 
their 2010 IRP was exporting 
renewable power onto the 
CAISO rather than selling 
power in Arizona 
Pacificorp 
[52], [53] 
Pacificorp serves 1.8 
million customers on the 
California/Oregon border, 
in Washington, Wyoming 
and Utah relevant 
facilities include: 
-558 MW Lakeside (Gas) 
in Vineyard, Utah 
-548 MW Currant Creek 
(Gas) in Mona, Utah 
-1,320 MW Hunter Plant 
(Coal) in Castle Dale, 
Utah 
-895 MW Huntington 
Plant (Coal) in Huntington 
City, Utah 
-Own 34% (~387 MW) of 
the Cholla Plant (Coal) in 
Holbrook, AZ 
>9,000 
Similar to IID, Pacificorp owns 
a wide range of assets, but the 
assets are likely tied up serving 
internal utility loads.  
Pacificorp has access to 
Phoenix area markets and, as 
such, could sell excess power 
on the OTC market. 
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Entity Description of Assets in the WECC 
MW in 
the 
WECC 
Access to Pinnacle Peak? 
MacQuarie 
[54] 
N/A, MacQuarie does not 
own any generating assets 
in the WECC, however, 
they may be under 
contract to operate and 
market plants or may be 
purchasing power from 
specific plants and selling 
it, however, it's difficult to 
tell either way.  
N/A 
Although MacQuarie doesn't 
visibly own any assets in the 
WECC, they are active in the 
market. 
Morgan 
Stanley  
N/A, Morgan Stanley does 
not own any generating 
assets in the WECC, 
however, they may be 
under contract to operate 
and market plants or may 
be purchasing power from 
specific plants and selling 
it, however, it's difficult to 
tell either way.  
N/A 
Although Morgan Stanley 
doesn't visibly own any assets 
in the WECC, they are active in 
the market. 
Powerex 
[55] 
Powerex manages 11,500 
MW of (mostly) 
hydroelectric power in 
British Columbia in 
Canada 
11,500 
Powerex manages a very large, 
mostly hydro portfolio and 
does trade at Pinnacle Peak, 
however, there aren't any 
physical assets owned/operated 
by Powerex that could deliver 
power to Pinnacle Peak. 
 
